                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            l l f)2 & 1 936) and attributed it to l he lunar terrain close to the cusps. McNally attributed a 
different reason with this phenomenon discarding Danjorfs hypothesis (McNally, 1983). 
McNally proved that the length of the shadows close to the lunar cusp and the departure 
o| lunar surface from being perfect sphere couldn't diminish the brightness of the regions 
o! crescent close to cusps to be the cause of the phenomenon. I le attributed the length 
shortening ol crescent to the "seeing affect" due to the turbulence of the atmosphere 
McNally has also developed a formula for calculating the length of the crescent, Lately 
Sultan (Sultan, 2005) has attributed the shortening of length of crescent due to the 
Blackwell Contrast threshold (Blackwell, 1946) and has developed a formula to 
calculate crescents length. We have also developed a simple technique for calculating 
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length of new lunar crescent (Qureshi and KJiun, 2007). In the following we reproduce 
this effort with slight modification and a correction, 

Schaeffer rejected McNally's explanation on the basis of his view that the 
shortening of the crescent length is simply because of the sharp decline of the brightness 
of the crescent dose to the cusps (Schaeffer, 1991). Using the accurate model of Hapke 
(Hapke, 1984) for calculating the surface brightness of the crescent Schaeffer claims that 
Danjon's collected observations and his own new data fits the model. However, neither 
Danjon nor Schaefer have suggested a method for calculating crescent length. Hapke' s 
model may be accurate for theoretical selling related to the elongation of the Moon but as 
far as the observed crescents are concerned there ought to be a departure from smooth 
relation between elongation and the crescent length. I lie reason we consider is based on 
observations of some morning and evening crescents. 



Most of the early description of the phenomena concentrated on relating it to the 
phase (or elongation) of the Moon that is generally the reason behind the phenomenon. 
As the elongation increases the length of the crescent from cusp to cusp keeps increasing 
which a common observation. The mathematical description of the phenomenon in tenns 
of deficiency arc. by Danjon was shown to be incorrect by McNally. However, an over 
estimated limit on the minimum width of visible crescent (2 to 6 arc seconds) by 
McNally lead to very small values for Danjon Limit, l he description due to McNally is 
logically sound so is that of Sultan and both resulted into techniques for calculating 
length of crescent. However both McNally and Sultan have not reported the application 
of their description on the recorded historical data found in literature (Yallop. 1998, 
Schaeffer 1991 etc.), According to Danjon, ns described by Faioohi et. aL 

Sin(a) = $in[a)>Cos{{t)) (5*1*1) 

Where the arc PQ = a is the deficiency arc in lig. I (hatoohi et, AL, 1998), a is the 
elongation and to is half the crescent length. It appears that Danjon used the Sine 
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formulae by assuming spherical angle at Q to be right angle. McNally rejected Danjon s 
argument and using four~pari formula arrives at: 

Tan(a) = Tan(a)JCoS (©) (5 A 2) 



Numerically, for small angles a and ti there is only a marginal difference between the two 
results. Generally the elongation £#) can be calculated and the crescent length (2m) is 
observed, so the two formulas can be used to find the deficiency arc. However, to 
calculate the crescent length none of these can be used. McNally develops a tormula for 
angular separation tp from a cusp in terms of crescent width R as: 



Cosf 



l 

SmE 




Cos*£ 




(5.1.3) 



where A R is the minimum visible width measured in radial direction away from the 
centre of the lunar disc. Therefore the length of the crescent he obtains is 1 80" - 2c?. 



Using the Blackwell threshold contrast Sultan (Sultan, 2005) arrives at the 
minimum visible width (in terms of diameter of the smallest equivalent Blackwell 
(Blackwell. 1946) disc) of crescent at perigee and apogee at his location ol observation, 
fhe formula that he developed for calculating the crescent length is. 
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(5.1,4) 



where r is the semi-diameter of the Moon, and 
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(5.1,5) 



L~2r- it' 



( 2r + W \ 

\ W ) 



with n 1 is the diameter of the smallest visible equivalent Blackwell disc and W is central 
width of the crescent* (5.1.5) is the corrected form of (1.5) in Qureshi Sc Khan (Qureshi & 
Khan. 2007). Sultan considers minimum diameter of Blackwell disc to be 0.14 arc 
minutes when the Moon is near perigee and 0.16 arc minutes when the Moon is near 
apogee. 



The present work is based on the observation of the last (old) crescent on 
February 26. 2006. During this observation ihnt started from [he beginning of morning 
twilight till well past sunrise, it was noticed that for this —IS hours Moon, more than 27 
degrees away from the sun the crescent length started to decrease with the rising sun. A 
similar observation on March 28- when the age of Moon was around -33 hours and 
around 18.5 degrees away from the sun, the crescent length decreased more rapidly with 
decreasing contrast. The last time this crescent was seen without optical aid well after 
sunrise was less than 90 degrees in length. 1 wo days later new crescent with age 27.6 
hours at 15 degrees away from the sun was observed till setting. Close to the horizon 
through thick humid atmosphere the crescent length was again observed to be decreasing. 
These observations dearly demonstrate that there is much more to be explored about the 
phenomenon of shortening of crescent length apart from Hapke's accurate model that 
show s dependence of crescent length on elongation alone. 

Therefore, in this work, to begin with we consider a simple geometrical model for 
the crescent The model describes the phenomenon of shortening of length that depends 
on (he actual semi-diameter of the Moon as well as the relative altitude (ARCV ) ol the 
crescent over local sky. This is derived from the single parameter (q-value or .y- value) 
criterion of earliest visibility of crescent (chapter 4) and is based on the fact that 
whenever the width (or brightness) of crescent dose to cusp is below the minimum 
visible central width (or brightness) of the crescent the whole length or crescent with 
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smaller width would not be visible. Applying our model on the recorded visibility and 
invisibility data available the length of crescent in each case is calculated. The calculated 
Lengths of crescent are also compared with the observed lengths and with the lengths 
calculated using formulas (5,1.3) due to McNally and (5.1.4 &. 5.1.5) due to Sultan. En 
case of using McNally's formula A/i is considered from the criterion used in this work 
and for Sultan's formula the minimum width of Blackwell disc (n) is considered to be m 
the range 0.14 arc minute to 0,16 arc minute and depends on the distance between Earth 
and the Moon obtained using simple linear interpolation. 

In view of Qureshi & Khan (Qurcshi & Khan. 2007) the brightness of crescent at 
displacement y from a cusp is given by 



B v = rF m Cos tfr [ ] - CpsE) P- 1 ■*>) 

i?~ 

where r is the radius of Moon. F, n is the maximum flux of sunlight received at the surface 
of Moon, E is the separation between the Sun and the Moon in our sky, u is the albedo oi 
the lunar surface and R is the distance of the Moon from the Earth, Similarly the width of 
the crescent at angular separation y from ihc cusp is given by 

W ¥ « fOw^CK - CosE ) = V {S {J) 

where JF r is the width of the crescent in the middle. In both these equations y varies burn 
0° to 90° along the length of the crescent from centre to a cusp respectively. 



For the development of any model that describes the minimum possible width that 
can be visible through naked eye one requires to seek guidance from the actual 
observations. In the history of scientifically reported observation of the very young 
crescent Moon, the record is that due to Pierce on February 25, 1990 (reported by 
Schaefer and Yalbp). The crescent he claims to have seen with naked eye was just U 8 
hours and its width was G.1S arc minute. Amongst all the recorded observations the 
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sighting of such a young and thin crescent was never reported, in the model that is 
developed in this work the lower limit of the width of visible crescent is considered to be 
0. IS arc minute. However this minimum is not the absolute minimum for all crescents for 
all possible relative altitudes (ARCV). In this work we consider this minimum of 0.18 
arc-minutes of crescent w idth when the relative azimuth, DA/ of the Moon is zero and 
the relative attitude ARCV gives the q-value of -0.22, YalLop's criterion (4.2,3) for this q- 
value then yields: 



ARCV = 9'0371 - 6 3226 fV+ 0-7319 W 2 - 0 1018 (5.1.8) 



The values of ARCV according to this criterion giving the q-value equal to -0.22 
would yield a different lower limit on the visible width of the crescent. This is caused by 
different relative azimuths DAZ. For the least possible ARCV (zero) the width ol the 
invisible crescent would be around 108 arc-seconds that occur at a large value of DAZ. hi 
view of this criterion the minimum width of visible crescent lor any ARCV is termed If „ 
and as the crescent is just invisible for this w idth: 



W % Cos tff = 0 ^ ^ 

Where IF. is the theoretical central width of the crescent and W Cos ^ is the reduced 
width at angle y from the center of the crescent, f V m is the width reduced by the relative 
altitude ARCV. In order that some part of crescent is visible I V t Cosy/>K at some 
value v - Vm- Thus the effective visible width of the crescent for v ranging from l)“ to 
Him is given by: 



W fj -W t Cos\ff-W m (5.1 10) 

The brightness of crescent falls sharply as 0 approaches 90° - E the actual visible width 
of crescent at any value of y must be less than the geometric value of width given by 
equation (5.1.8). Therefore the "effective visible width" given by (5.1-10) is justified. 
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Thus it is not only the length of crescent that shortens hut the v isible width of crescent 
lias to diminish also. Whenever the crescent is invisible in view of (5 . 1.9) IK*/ has to 
vanish so that: 

Co SW =^- = 1 (5.1.11) 

In ah other cases. i.e, whenever the crescent is visible its width at some angle t|i m must 
vanish as the crescent is never seen a complete 1 80° in length. 'I hits at ^ ^ Vm 

IK C os y/ m - W m - 0 (5.1.12) 

Therefore in (5*1,12) Vm is a measure of half the length ol the crescent so that the total 
length of the crescent is given by: 



/ = 2Cqs' 




(5.1-13) 




Fig. 5,1.1 
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Thus the crescent length can be evaluated whenever the theoretical width JFr 
exceeds the minimum width W„, visible according to Yallop s q-value criterion or onr s- 
valuc criterion, for the particular values of ARCV. In the Fig. 5.1.1 the segment 1;D or 
AC is the minimum width tV m at any ARCV invisible according to Gallop s ciiterion. 
The segment AB is the theoretical width W c st the centre ol the crescent. At angular 
separation i \i m from the centre of crescent ED equals JFi osy/ m . I here fore, the points on 
the outer limb of the crescent that has angular separation from centre greater than 
£DOB should not he visible. The visible crescent then extends from D to D' and 

j M 

has length One should note that whenever W,« {minimum visible width according to 
Yal lop's criterion) is greater than W c [theoretical width) (5.1. 1 3) can not be used and the 
crescent is not visible, i.e. it has no length. 



The model developed in this work to compute the length ol the crescent has been 
applied to a number of observations reported in literature (Schaeffer. 1984. Yallop. 
1998}, The results for the crescent length against the elongation, also known ns .uc ot 
light- or ARCL, are presented in table 5.1.1 and in Fig. 5.1.2. The lengths are calculated 
by selecting the minimum visible width Vm of crescent for the value of ARCV according 
tu (5, l .8) m the every case and then using (5.1 . 1 .>)■ 



The columns of the table 5.1.1 show the date of observation, the coordinates or 
the location of observer (Latitude and longitude respectively), the ic [alive azimuth 
(DA/.), the relative altitude (ARCV) and the elongation (ARCL) of the Moon at the best 
hme of observation, followed by semi-diameter and the central width of crescent in are 
minutes, the ,-value, the minimum crescent width visible at the relative altitude 
calculated from (5.1.8) and finally the crescent length calculated using (5,1.13). I be table 
is arranged m cltronologieal order of observations and contains only part of the complete 
data ser that has been used for comparing models for earliest crescent sighting m previous 

chapters. 



1 KG 




ELONGATION 



: in. 5.1.2: Crescent Lengths vrs Variations due ARC V 



I he Fig 5.1.2 shows that the functional relation between crescent length and the 
elongation is not smooth as reported by Schaefer on the basis o! Hupkc s model, I he 
main reasons for this are (i) the crescent length has to be affected by the Earth-Moon 
distance as claimed above (ii) the atmospheric turbulence close to horizon must allect the 
crescent length as claimed by McNally and Sultan. Moreover, very wide crescents that 
are invisible due to their dose vicinity with the horizon must not vanish suddenly. For an 
invisible crescent, the elongation may be large and must not have zero length (i.c. must 
not be invisible) according to claims of Schaefer. The invrsibility of a wide crescent is 
due to its closeness to horizon (small ARCV). However, with suitable altitude (ARCV) 
the same crescent shall be visible. Our observation and claim is that for a crescent ot 
same (sufficient) width the varying altitude (ARCV) must cause to decrease the length of 
crescent from its maximum (at DA/, = 0) to its minimum (zero length when its rvalue is 
below limits of vision) smoothly and not suddenly. In the associated tig. 5.1.2 only those 
observations arc considered when the crescent was claimed to have been seen or the 

crescent length is computable. 
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Table 5.1.1 
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Table 5.1.1 (Continued 
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Table 5.1,1 (Continued) 
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During this work ihe 70 observations of Danfort (mentioned: by Sehaelter 
and Fatoohi el. al.) could noi be accessed, however the pictorial data of crescent length is 
being generated at the Astronomical Observatory at University of Karachi, The observed 
crescent length from photographic records is given in Table 5.1.2. 1 his includes some 
observations made by others during past few years and their pictures are available trom 
wwvv.itproi-o ri* maintained by Odeh. 
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The model developed in this work for both the brightness and the length of 
crescent is mainly geometric, supplemented by the single parameter criterion for the 
earliest visibility of new lunar crescent. The model provides a simple method of 
calculating length of lunar crescent and takes into account the atmospheric affects 
indirectly through single parameter criteria for the visibility of new lunar crescent only. 
Whenever W c < W m the crescent length is not calculated and the crescent was not seen 
according to recorded observation (table 5*1. 1). The model has been tested in two ways. 
First, for some of the recent observations whoso photographic records are available the 
calculated and observed crescent lengths are compared and shown in fable 5.1.2 arid in 
Fig 5*1.7, The crescent lengths calculated using our formula (5*U3) arc greater than the 
observed v alues and those due to Sultan's technique are generally closer to the observed 
values. In calculations using the formula of McNally A A - Jf' nr and R ~ semi-dtameterof 
lunar disc. 



I he columns in table 5.1,2 show the date o f Observation the coordinates of the 
location of the observer (latitude and longitudes in degree respectively), the elongation of 
the Moon from the sun in degrees, the semi-diameter of the Moon, the central width of 
I he crescent* minimum visible width of crescent (all in arc minutes h followed by the 
crescent length calculated bv our model and I he ohserv ed orescent length, the name of the 
observer. The last two columns contain crescent lengths as calculated using the models 
due so Sultan and McNally respectively, The data in this table has been arranged in order 
of increasing elongation or ARCL. 

To determine the length of a crescent from pictorial record the digital photograph 
is opened in any graphic software tool. Selecting coordinates of three of the points (two 
of them close to each of the cusp and one close to supposed centre of the crescent) on the 
visible outer limb of the crescent an equation of circle is developed that leads to the 
coordinates of the centre at the lunar disc. Joining the centre ol the lunar disc with the 
two visible cusps of the crescent the angle made a! the centre by the two cusps is 
measured. The picture of one of the crescent measured in this way is shown in Fig 5.1,7. 
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E.rnjjfh ■= 125degreM 
Diameter = 31' 1?" 
Ctotnl nidfk = 
D**tMiy28 t 2006 




Fig. No, 5.1 7; Measurement of Len^fli for Crescent of May 28, 2006 as photographed at 

Karachi University observatory 



The data for the observed crescent length shown in table 5.1 .2 and the chart in Ug 
5. 1.7 shows interesting pattern. Claimed by Schaefer [ Schaefer. 1991 ) the crescent length 
is a smooth function of elongation, but this data set shows a trend that clearly exhibits 
deviation from any such smooth relation. The data sample is small hut there are two 
subsets each having nearly smooth relations, separately, between the crescent length and 
the elongation. However, when considered as a combined data set the observations with 
elongation 1 1 93 degrees (by Anwar). 14,41 degrees (by Gmcr), 16.67 degrees {by 
Rahimi) and 20.32 degrees (by Qureshi) deviate markedly Ifom the apparent smooth 
relation exhibited by the rest of the data set. Crescent lengths in these lour cases arc much 
smaller than the trend shown by the rest of observations as well as the results of each the 
models considered above for calculating the length of the crescent. 
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All these four deviating cases are photographically recorded and have the least 
possibility of “observational” errors. Out of the rest of the eight cases another six are 
photographic. The records due to Schaefer are the only cases that “observational' 1 length 
of new lunar crescent is concerned its relation with elongation must not be smooth as 
shown in figure 5,1 2 as well as table 5. 1 >2 (or figure 5.1.7), 



It is further noted that the root mean square error calculated for the three 
computational methods (Our’s, Sultan's and McNally's) it is found that Sultan s method 
has the least error (4,76 degrees) followed by McNally's that has an error ol 6, 16 degrees 
and our model has an error of 7.22 degrees. The major difference between our model and 
those Sultan's and McNally's is that our model gives consistently higher values ol the 
length of crcscenl, whereas the other two models have both positive and negative errors. 

I he functional relation between elongation and the crescent length is similar in our model 
and that due lo Sultan's, but, the one exhibited by McNally's model is markedly dilterent. 
McNally's model is giving better results for larger elongation but as the elongation 
becomes smaller the error given by McNally 's model becomes larger and larger. 



Table No 5J.2 absent'd Cakuhted Lengths of Crescents 
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ELONGATION 



♦- OBSERVED • QURESHl'S . SULTAN'S □ MCNALLY'S 



Fig No. 5.1.7 




Fig. 5. 1 8 Crescent Lengths against Elongation without variations due to \RCV 
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The model for the calculation of crescent length may be used as the earliest 
visibility criterion much in the same way as Y all op’s criterion can be used. However, our 
emphasis was not to develop an alternate criterion for the same. This work was intended 
fora better understanding of the geometry of the lunar crescent and to develop a method 
for calculating its length. 

The second and indirect test of the model is its comparison with the results of 
Danjon mentioned in Fatoohi et. al. if the minimum visible width lV m for various ARCV 
according to Yal lop's criterion is replaced by the minimum ever visible central width of 
0-18 arc minutes that is equivalent to ignoring the atmospheric affect for lower ARCV 
then the relation between crescent length and elongation becomes smooth as presented by 
Schaefer (Schaefer, 1991), l ire same is shown in Fig. 5, 1 ,8, The chart in figure 5,1,8 also 
shows diat limiting value of elongation for possible visibility of the crescent is around 8 
degrees. As our computations do consider the affect of parallax this limit is equivalent to 
the 7 degree limit very popularly known as Donjon's limit. 

On die basis of the calculated lengths of crescent and its elongation using our 
model the Danjon deficiency arcs are calculated ignoring the affects of ARCV by 
formula given by Danjon and that given by McNally (shown in Fig. 5.1.9 and 5,1.10 
respectively). These results are in close agreement with the Fig 1 in Fatoohi el al (that is a 
reproduction of Danjon s lig 2). 
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U .9: Deficiency Arc against Elongation according to Danjmi 
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lug. 5.1.10: Deficiency Arc against Elongation according to McNally 
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6.2 LUNAR CALENDAR FOR PAKISTAN 



Most of the Islamic countries follow an observational lunar calendar, at least for 
their religions purposes. Although substantial work is done to evolve a prediction 
criterion to develop a universal calendar by Ilyas (1984b, 1988, 1991, 1994a, 1994b, 
1997) and others, a truly universal calendar could not be developed. As according to 
common Islamic belief actual sighting of the new Lunar crescent is necessary to begin a 
Lunar month, such a universal calendar seems to be impossible. This is true especially 
because just after conjunction the new lunar crescent is not visible on the same day 
throughout the world, even if two places of observation arc on same longitude. According 
to recent developments (Scahefcr, 1993, Yallop, 1998, Qureshi &K.han. 2007) 
ervatronal lunar calendars for each Islamic country can be developed but arc not 
generally accepted by various Islamic communities. 



In Pakistan an Official Committee {Rnei-e-Hilal Committee) decides about when 
to begin a Lunar month on the basis of public evidence and observations. This committee 
gathers information about the claims of sighting the crescent, fhc claims are judged on 
i he basis of the directives of ihe Islamic Laws. Some representatives of various scientific 
organizations are also consulted. Once the claim/s is justified religiously and 'or 
scientifically, the announcement is made about beginning of the next Lunar month. In a 
way, the beginning of new lunar month is based on ‘"public observations” verified in view 
of the principals laid down by Islamic shariaat laws (listed in article 1.3). 



The advantage is that a large number of ‘ observers" take pari in the exercise and 
with ii the probability of sighting new crescent is increased. Moreover, most of these 
observers are from rural areas where there is least industrial /traffic and light pollution, 
and it is highly probable that the observing conditions are near perfect. Therefore in ibis 
study these public observations are considered to have a high degree of authenticity. In 
ibis work all these public observation- based dates of start of each Lunar month from year 
2000 to 2007 are reproduced and are studied in comparison with the Ya Hop’s q ~ value and 
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our s- value criterion-based criteria, A similar work for the period 2000-2005 has already 
been reported {Qureshi and Khan, 2005) 



The results of the 95 lunation during the January 2000 to September 2007 
(Shawwal, 1420 AH to Ramazan, 1427 AH) along with observational data are presented 
in yearly tables in appendix -IV, All the computations for these tables are based for the 
city ot Karachi (Latitude 24° 56 \ Longitude 67*' 3'). The first column indicates Iasi 
conjunction with month, day, hour, minute and second for the local time of conjunction 
in the sub-columns, The calculations are done for the day of last conjunction, for the next 
day and where required two days later, indicated under column headed “Last Conj 7 ’ 
followed by the Dale in Gregorian calendar. Next two columns give the relative altitude 
(ARCV) and relative azimuth (DAZ) in degrees followed by moonset- sunset lag in 
minutes. The age of Moon (in hours), the arc of light or elongation (ARCL m degrees) 
and the crescent width (in arc minutes) appear the next three columns, followed by 
columns indicating the {/-value, visibility condition on {/-value, iho .v- value and the 
visibility' conditions on v- value. The visibility conditions are those described in table 
4.2,4 (lor Yu! lop’s criterion) and table 4.4.4 (for Qureshi & Khan criterion). Under the 
heading ol 1 Month the column gives the name of Islamic month that begins after a 
sighting reported on the previous evening followed by the Gregorian date of start of this 
month. In this last column under Gregorian date of starting lunar month, number of days 
in the month, are also given. ! he last column contains a comment. If the decision of 
starting new lunar month is in agreement with the prediction criterion (rvalue criterion) 
the column contains “PROPER", The “observational decision" and the model are 
considered to be in agreement only when the 5 -value criterion show EV. i,e. crescent is 
easily visible, I he comment in the hist column contains “LATE” if the decision of 
starling new lunar month is one day late as indicated by the day of easy visibility on s- 
value and “EARLY" if the lunar month has been started one day earlier than that 
indicated by the prediction criterion. As slated earlier all these calculations arc done for 
Karachi and Ibr the best local lime for crescent visibility. However, it should be noted 
that observation claims are collected from all over the country. 
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Out of tiie 95 public observations reported in this work, there were only six 
occasions (June, 2000, June, 2001, July 2004, April, 2006, July, 2006 and July, 2007) 
when the sighting was reported one day late in comparison to the prediction criteria 
according to which the New Crescent was visible on the previous day but was not 
icporled. There was only one occasion when the early sighting is reported (Nov, 13, 
2004), Thus, there were only 6,3% errors in the decisions of the moon sighting committee 
ol Pakistan during last seven years. These results are based on verified claims. The data 
regarding number ol crescent sighting claims that were not verified is not available. The 

only case of “EARLY* 1 sighting accepted by the authorities was for the month of 
Shawwah 



l he main reason for late sightings on the live indicated occasions is the overcast 



sky .ill over the country in all these cases, In case ol the only early sight ing for the last 
seven years attempts lor crescent sighting were made at the Observatory of University of 
Karachi using 6 Unde refractor telescope. The prediction criterion based on j-value 



allowed crescent visibility with optical aid and that based on q - value did not allowed 
visibility even with telescope. We failed in sighting of the crescent but the officials 
accepted claims of naked eye sightings from area close to Karachi. Although, the two 
criteria considered did not allow naked eye visibility on this occasion the misconception 
that if the phase of the crescent is more than 1% it should be visible (Astronomical 
Almanac. 2007) may have lead (he decision makers lo accept the claims. 



I he low percentage ol errors in this observational effort is much more promising as 
compared to the results of "moon watch'’ programs conducted in United States in the late 
1980s and reported by Doggct & Schaeffer ( 1994), According to this report 15% positive 
errors (wrong claims ot observing the crescent) and 2% negative errors (crescent was 
visible but die observers missed them) were found amongst the experienced moon 
watchers. These experienced moon watchers were generally considered to know where lo 
find the crescent and what the orientation of the “horns" was. 
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Frequently, claims of very early sighting are made in some regions of Pakistan 
(particularly for starting the months of Ramazan and Shawwaj as mentioned before) that 
are not accepted by the authorities. One of the major causes of these early claims of 
sighting of new crescent in Pakistan is the keenness of the cl aimer and the misconception 
amongst masses that when the “sighting” has been reported in the Kingdom of Saudi 
Arabia the crescent must he sighted the next day in Pakistan, However, the official 
decision about starting new lunar month in the Kingdom of Saudi Arabia is not based on 
actual sighting ot the new crescent. These decisions are based on criteria that have 
Changed three times o\ er the past two decades (Odeh 2000), 

i) Up to 1 099 the criteria was as follows: If the Moon's age at die sunset is 12 hours 
or more alter the New Moon, die previous day is the first day of the Islamic 
month. Fills actually means that the lunar mondi begins on the day of conjunction 
of Moon which occurs one or two days earlier than the lime when the new 
crescent becomes visible to the naked eye, 

iil From 1 999 the criterion was changed to the following: The lunar month begins on 
tile evening when the sunset is before the moon set according to Mecca. This was 
more disastrous as it is possible that the sunset before moonsei will occur evert 
before the conjunction, Therefore, the lunar month may begin three days before 
the crescent becomes visible to naked eye. 

i i i ) F rom 200 3 o nu n rd s l he c ri terion is : 

a) The geocentric conjunction occurs before Sunset. 

b) The Moon sets after the Sun, 

Ibis is more realistic but it is scarcely possible that the crescent becomes visible 
on the day of conjunction. 

The main parameters significant in the earliest visibility criterion for the lunar 
crescent are LAG, AGE, ARCV, DAZ, ARCL Phase and the width of crescent. As 
mentioned above none of these parameters alone decide the visibility or nom visibility of 
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the lunar crescent. Generally the critical value of ihc Phase is considered to be 1% 
(Astronomical Almanac, 2007). During the period from January, 2000 to Sept., 2007 that 
were considered in this study there was not a single incidence when the sighting of 
crescent with phase less than I % was reported and accepted. There w r ere two occasions 
when the phase was greater than 1 % but there was no claim of sightings and sighting was 
not possible according to both the criteria considered (Oct. 23, 2006 and Dec, 21 T 2006). 
In the case o( Nov, 1 3, 2004 the phase was 1 .19% that may have been the reason (hat the 
sighting claim was accepted (as mentioned earlier). 

J he youngest crescent oi age 19, 1 hours (at best time of visibility) seen during (he 
period oi study was that o! May 17. 2007, Apart from being the youngest crescent seen 
during the period of study the observation has another interesting feature. This was the 
oniy case when the crescent was seen on the same Gregorian date as it was bom 
according to Pakistan standard lime. Apart from this record observation (here are four 
other claims of young Moons' sighting, Nov. 1 3, 2004 (22.3 hours), San. 30, 2006 (23.45 
hours}, June 26, 2006 (22.76 hours) and Feb, 1 7, 2007 (21,6 hours). In all there were 22 
(23% of the studied) cases of sighting claims when the age of Moon was less than 30 
hours. 



The observation of Feb, 1 7, 2007 was made at the astronomical observatory at the 
Institute of Space & Planetary Astrophysics. University of Karachi, We spotted the 
crescent using the 6 Code Refractor f descope. Both the prediction criteria allowed 
crescent sighting without optical aid but we could sec the crescent without telescope. No 
other claim of crescent sighting was received by the authorities on this day. The 
authorities accepted our claim. I his was (he youngest crescent seen at our observatory 
during the period of study. Et is a record for our observatory and the world record for this 
particular crescent’s earliest observation f w ww. moonsi ghtinc.com and 

WWW » i c o pro] ec t . or a ) , Our photographic record is also posted on relevant websites. 
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There were 6 cases when the age of Moon was between 24 hours and 30 hours 
and the crescent was not seen. Thus, this study also supports the idea that age is not a 
dependable factor for any prediction criterion. 

Another important parameter concerned is the moo nset- sunset LAG. There are 22 
occasions when the crescent of tag 60 minutes or less was seen. Out of these only two 
were with lag less than 50 minutes, Nov. 13, 2004 with lag 35 minutes and April 10, 
200? with lag 44 minutes. In die second of these cases the prediction criteria allowed 
naked eye visibility. There were 15 cases when the lag was between 40 and 50 minutes 
and the crescent was not seen and both the prediction criteria did not allow crescent 
visibility without optical aid. Thus the moonsei- sunset lag alone is also not a dependable 
parameter for any prediction criterion. Out of 95 new Moons the prediction criteria differ 
from the Babylonian criterion (Fatocnhi el al, 1999) only 9 times when Babylonian 
criterion (ARCL +■ LAG(in degrees) < 22 ,y ) allows naked eye visibility but r/-value and 
the v- value criteria do not, However, on these nine occasions the crescent was never 
reported to be seen. 

In view of these facts we conclude dial both (/-value and rvalue criteria are well 
suited prediction criteria with rvalue criterion developed in this work has marginally 
better success percentage for positive observations (chapter 4). Particularly tn view of the 
fact that these criteria do not match actual crescent visibility only in one out 95 cases 
(1.05%) and that occasion was controversial in view of the above discussion. The live 
cases when the crescent was seen later than predicted are not considered as an error as the 
problem occurred due to overcast skies. Therefore, for the formulation of future 
observational lunar calendar these prediction criteria arc highly dependable. 

I here has been only one occasion when there were three consecutive months of 
29 days each (during June, July and August 2000). This is the maximum for repetition of 
29 days lunar months anticipated as early as I0 ch century AD by Muslims (Ilyas, 1994a), 
Ibe first (Kabi n I Awwal, 1421) of this triplet of months began a day later than predicted 
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otherwise (his maximum i cpetiiion could not have been there, f here was no occasion of 
four (maximum) consecutive months of 30 days each in this period ot study. 

Late sightings can cause naturally occurring repetition of four 30 days 1 month to 
live or six. Although* the Islamic Sharia Law (chapter 1) allows for correction as and 
when observation indicate an error, but tor advance planning and development calendar 
an observation lunar calendar based on prediction criteria may greatly help. I'he 
Appendix* V shows such a lunar calendar in which computations are based in Karachi on 
the a- value criterion. 
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Chapter No. 6 



DISCUSSION 



This work was intended to explore and compare the mathematical models for the 
criteria under which the new lunar crescent could be visible at given location on the 
F.arth, Moreover, it was intended that a comparison of these model is conducted and the 
models arc modified if possible. The task of comparison and modification of the model 
has been successfully achieved and a new model the J-value criterion has been 
developed. A summary of this work is presented below with u discussion on the major 
achievements of the whole effort. 

First of all a better understanding of the issues, computational, astronomical and 
observational, associated with the problem of the fust sighting of the new lunar crescent 
is developed. We have explored the computational techniques and the astronomical 
algorithm and their application to the extent that is necessary for the calculations 
involved in solving the problem described in the previous paragraph. Initially the 
techniques were implemented on Microsoft Excel work sheets but due to lengthy 
calculations and the use of long formulas we w ere forced to develop a computer program 
HilalOl. The program has been used to do all calculations for determining coordinates of 
the sun and the Moon as well as the parameters involved in our problem. The results of 
the application of some of the models are obtained within the program and those lor other 
movie Is are done on the basis of the data generated by program that is saved as an output 
file. This file is then transformed into an MS- Excel work sheet and the results of other 
models are obtained there. The tables comprising these results within the main text and 
that appear in the appendices are all developed from these work sheets. 

The model due to Babylonians as described by Fatoohi jet el (Fatoohi el a!, 1999) 
that was modified by the Muslims/ Arabs is briefly described in the first chapter (article 
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I. .2) and is its application is studied in comparison with oilier models in chapter 3 (article 
3. 1 ') and chapter 4, This ruk is based on the sum of the elongation and the arc of vision. 
The Lunar Ripeness rule deduced by Muslims of the medieval era in explored more 
extensively. It is found that though, the Lunar Ripeness function is far more sophisticated 
as compared to die Babylonian rule, the two methods produce almost equivalent results 
when applied to the recent observational records. 

t he methods based on relations between arc ol vision (ARCV) and the relative 
azimuths (DAZ) that were extensively developed during the early part of the 20 lh centurj 
are found more successful during this study in comparison to the ancient and medieval 
methods, The success in measured in how many observations are in agreement with the 
models. How many times the crescent is seen when the models suggests Us visibility and 
Stow many times the crescent is not seen when the model also suggests invisibility. 



1 he reason that the models based On aRC'V-DAZ relations ate more successful is 
that with increasing relativ e azimuth the brightness contrast of the crescent against the 
sky brightness improves and the crescents of lower relative altitude are visible. Smaller is 
the DAZ this brightness contrast deteriorates and the crescent is only visible a I higher 
ARCV In comparison to these models 1 he Lunar Ripeness function is strongly based mi 
arc of separation. The problem with arc of separation is that with large PAZ it can be 
much smaller then suggested by the Lunar Ripeness law (HJ to 12 degrees) for a visible 
crescent, In these cases with large DAZ the Ripeness function Rj tfJ can be large so that 



the larger values of R V a are required. Consequently, for larger latitudes large arc of 
separation is required. Bui larger DAZ for larger latitudes allows smaller ARC V and 
consequently smalki are of separation, therefore, especially for locutions with larger 
latitudes Lunar Ripeness law becomes more inconsistent as compared to the observations 
and the ARCV- DAZ models. 



It is seen during the discussion at the end of the 4 Ei| chapter that three ARC A -DAZ 
based models, the FotheringhanVs model, the Maunder* s model and the Indian model are 
successively better. These improvements are due to deduction of better and better basic 
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data of minimum arc of vision for different relative azimuths. However, all these models 
ignore the width of ihc new lunar crescent that varies greatly with the Earth-Moon 
distance for the same elongation. This causes variations in the actually brightness of the 
crescent of same elongation. Consequently, the same pair of ARCV and DAZ the 
brightness of crescent varies for different Earth-Moon distances. The lack of this 
consideration is the main cause of lesser success percentage of these methods as 
compared to the later models for positive observations. 

The realization of varying brightness of crescent with the sv icith of crescent for 
same elongation (and same pair of ARCV-DAZ values) the physical description of the 
problem by Bruin lead Yallop to deduce basic data relating widths of crescent to the arc 
of vision. Yallop deduced this data from the minima of the limiting visibility curves of 
Bruin. Consequently, Yallop was successful in deducing his single parameter test, the re- 
value criterion. This criterion produced better results in comparison to all the previous 
* methods. The deduction of various \ isibilhy conditions on ihc basis of different ranges ol 
(/-values and that of the ‘best time of visibility’ of crescent from the limiting visibility 
curves of Bruin arc the most remarkable of Y allop's contribution. I he visibility 
conditions provide guidelines about under what conditions the crescent would be easily 
visible, when it will be visible under perfect weather conditions, when the optical would 
be required and when the crescent would be simply not visible with or without any 
optical aid. These conditions have proved 10 be more and more reliable with increasing 
number of observations. 



The major contribution of our work is the comparison of all the models 
theoretically, mathematical ly, physically and in view of their success percentages for a 
set of observations collected from the late I9 ,h century till recently. Another significant 
contribution of this w ork is to convert all the models into single parameter criteria. These 
are listed below in the increasing order of success percentage; 

Fothermgham s: Vp = ( ARC’ V — ( 1 2 .° 0 - 0°.Q08( DAZ )" )}/ 1 0 
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Maunder' s: 



yp = 



ARCV 



DAZ 2 | 0,1 Z | | 
100 20 



Indian: V P = \aRCV - (| 0.3743 - 0.0137|0/l2j - Q.tmWAZ 2 )[/l0 

Yal lop s: q = (ARCV -{1 1.8371 -6.3226^ + 0.73) W 3 O.IOlStf' 3 ))(10 

Muslims': R»[“ Km Ra>» = — — . — - 2$ +/),\t tati(A + <p}\ 

cos{ A + ip) 

Bruin's: V P = {.4J?CP -{12.4023-9.487811' + 3.951 2^ 2 -0.5632(1' 5 ))/ 10 



Babylonian; 



V n - ARCL r arc of separation - 21 11 



In this work Schaefers model of relative brightness is also explored in terms ot 
magnitude contrast and the results arc in agreement with his work (School er. 1988a). Ihis 
has been achieved hy implementing the techniques developed by Schaefer and others to 
evaluate sky brightness (in terms of limiting magnitude) and the brightness ol the 
crescent. Brightness ol sky and that of crescent depend heavily on various atmospheric 
affects. Amongst these temperature and relative humidity arc kepi variable in the 
program HilalOl in order to explore possible conditions under which claims of naked eye 
visibility may he tested lor different conditions, this leads to what we have termed as 
Magnitude Contrast (A mag magnitude of Moon - sky's limiting magnitude). It 

magnitude contrast is negative it is in favour of crescent visibility otherwise not. For 
extremely critical naked eye observ ation claims of new lunar crescent the magnitude 
contrast lias been evaluated minutely. It is found that some ol these cases appear doubt I ul 
as the magnitude contrast was never in favour of crescent visibility even with highly 
exaggerated weather conditions (very low relative humidity and temperature) for the 
whole duration of the moon set-sunset lag time. Using the program HilalOl the times have 
been evaluated of (il when the magnitude contrast is maximum, (u) when the magnitude 
contrast just becomes favourable for crescent visibility and (hi) when the magnitude 
contrast was last in favour of crescent visibility. These results are similar to what is 
described by a vertical line over a limiting visibility curve of Bruin. 
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The major schievemeiil of this work is the formulation of a new single parameter 
criterion on the basis of the techniques developed by Bruin and Yallop using the 
brightness models developed by Schaerer and others, the visibility curves and the 
limiting visibility curves arc developed for crescents ot different widths that were 
actually observed and have been reported in literature. Bruin developed these curves on 
the basts of (i) the average brightness or the full Moon and the way it decreases with the 
decreasing altitude above horizon and (ii) the average brightness of the sky dining 
twilight and the way it depends on the dollar depression below horizon. On the other 
hand we have used the actual brightness for the observed crescents of a fixed width. 1 hen 
for tine site of observation we have calculated the altitude of sky points having the same 
brightness as that of the crescent for different solar depressions. Such computations are 
repeated for a number of observed crescents of the same width at dilfercnl locations and 
limes. The altitudes of the sky points thus obtained arc then averaged out. The whole 
process is then repeated for crescent of different widths. 

These computations resulted into our visibility curves and the limiting risibility 
curves. The limiting visibility curves we have obtained are slightly different from those 
of Bruin with minima slightly displaced. The straight line joining the minima of these 
curves has a slope of 5.3/5 as compared to 9/5 for Bruin's curves. This leads to slightly 
different “best time of visibility” which is 4. 3/9.3 time the moonsel- sunset lag alter the 
sunset (as compared to Yallop’s best time which 4/9 times the moonset-sunset lag after 
the sunset). The basic data obtained from the minima of our limiting visibility curve titled 
to a third degree polynomial results into the following visibility parameter: 

s = (AR CV - (-0.35196371K 3 + 2.222075057^ : - 5.42264313^ + 1 0.4341759))/ 10 

We have also deduced visibility conditions in a manner similar to that of Yallop. 
Our visibility conditions are slightly different from those of Yallop. However, applymg 
our model on the observational data the success percentage is found lo be the best 
amongst ail the recent models that exist and that are tested and compared in this work. 
The reason is that our model is based on the actual sky brightness and the brightness of 
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crescent with varying weal Itch conditions whereas Bruin’s model is based on average 
brightness of sky and the Full Moon, 



As claimed by Schaefer the brightness models may be in error by as much as 20% 
still our model yielded better results as compared to those due to Bruin and Y allop as tar 
as the positive observations are concerned, it is hoped that with better models of sky 
brightness still better criterion for first visibility of new lunar crescent can be developed. 



Some of the applications of the criteria of earliest visibility ot new lunar crescent 
have been considered in this work. The first and the most important application are to 
determine when the new lunar crescent would be visible at sonic location on the globe on 
ibe evening after the conjunction. Another urea ol application is to deduce an 
“observational Umar calendar" lor a region. Yet another area ol application we have 
explored is m determine the “length of new lunar crescent '. 



U may be recalled that the first appearance of new lunar crescent marks the 
beginning of a new month in observational lunar calendars these criteria and models are 
significant for calendarica! purposes. Whether an actual observational lunar calendar, like 
the Islamic Lunar calendar, utilizes diese criteria Ibr arranging its calendar or not these 



criteria provides a guidance for both testing an evidence of crescent sighting by common 
people and tracing down the dates of a calendar in history where appropriate dates are not 
well recorded. Thus the main utility of the prediction criteria lor the earliest visibility ol 
new crescent is to regulate the observational lunar calendar and testily the claims id 
visibility of new lunar crescent. 



Although first order approximations, like Arithmetic Lunar Calendar that are 
based cm the concept of Leap Years and the average motion of the Moon have been m use 
Muslims have been following actual sighting of crescents at least for the months ol 
fasting (Ramazan] and pilgrimage (Zil hajjah). The Calendars if based on a prediction 
criterion like that of Y allop or the one developed in this work are the closest to the 
observational calendar. Comparison of these criteria with the actual observational 
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calendar in practice sn Pakistan for the years 2000 to 2005 have been done (Qureshi and 
Khan. 2005). in this work the study is extended to the year 2007. It is found that on 
average 95% observations are according to the Ya! top's s - value criterion or our s -value 
(or Q&K) criterion. The disagreement is the result ol either the bad weather due to which 
the new lunar crescent could not be sighted and the Lunar month began one day late, or 
too optimistic claims of observation and the Lunar month began one day earlier than 
predicted. 

This remarkable success for the visibility criteria for calendar teal purpose has 
motivated us to deduce an "observational lunar calendar ior Pakistan that ha^ been 
reported in appendix-V. 
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APPEDN1X-I 



COMPUTER PROGRAM 
HILAL01 
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void rriin{\ oid) 

{ drscr(); tnainmenuQ; drscr(); mainroutineOi fdose(fptr4};] 
void mammenufvaid) 

( gotoxyf 10 ^coulee"' Welcome to the New Moon Calculator”; 

gotosy(25,20);cout«'" Press Enter to start"; 
sel=getche(};} 
void tr^inroutinc(void) 

{ i’pir4 -fo pcn( "Sc hm ge. lx 1" a' 1 }; 

do 

( inputdateiimeQ; clrscrQ; month changcQ; 

do 

1 first caleulationQ; 

jd -j ul land a te( I yea rdmo nt h Jdat e , frae ) ; 

j de~j d+dd tat( int( ly ear- 1 620C0)]/(3 600 ,0*24 - 0); 

nuialionO; stjd-ju] iandate(lvearJmonth,ldaic,0,0}; 

st“(stjd-245!545,0)/36525>0; stdjime(st); 

outmfoQ; i=(ide-2451545.0)/365250 + 0; 

sun coord(t); display scoordQ; 

t*“30 0; 

moon coord(t); display mcoord(); 

e!ongp=$i nfmdcltap* PI. 1 80»0)*sin(sdellap #: PI/ 1 80.0); 

elongp=elongp+cos(mdchap*PI/l S0.0)^cos(sdeUap*pr/l 80.0) 

* c o s((sa I ph a p - m a I phap) * 1 5.0* PI/ 180 .0); 
e longp=a cos(e E on gp ) * 1 80 . 0/P I ; 

gotoxy(52,7); print®"!. Elon ,, );goloxy(65,7)iprinU'( 1, %7.31l’ 
d".cIongp}; 

phasep-t I . Q-cos(elongp* PI/ 1 8Q.Q))/2 ,0; 
gOloxy( 5 2 . 8 ) ;pr i n I f( "T. Phase - ");goioxy(65.a);prinl(r«7JIf 
% n t phasep^ 1 00.0); 

etong=rin(ndai*PI/IS0.0)*siii(alat*P!/180.0): 
elong=eiong+cos(mlat*Pl/l 80,0)*cos(slat*Pl/l 80*0}*cos((slong- 
mlong)*pr/180,0); 
el oiig^acos(e]oiig)* 180,0/PI; 
phased 1 ,0-cos{dong*PI/l 80.0))/2.0; 
msemidia=(mrad/mdst)* 1 80.0/PI; 
mse mid j a * =60.0; wid=m semidia*phasep; 

r. i’ i ix y( 5 2 ,9j :y. r i nt 0 " Vi iJlh ");go[o\y(653J);pri'nUii '%7J I f a:ti"^vid); 
goloxy(52 J0);printf("DAZ - M );gotoxy£ 65, 1 0);printf("%7Jlf 

d"^tznirmazm); 

gotoxyf 5 2 * 1 1 ); print ft" A R C V - ");gotoxy(65J ]);prinj« rt %7.31f 

d‘ t malt-$ali); 

qval=((malhsaItHll.S37l-6.3226*wid+0J3l9 , wid*wid- 

0.10l8*pow(w]d3)»/10.0; 

ova|“(nialt‘Sak)-(7. 1 65 1 -G.3226*wkM.73l9*wid*wid- 
0 r 10I8 + pow(wid,3)); 
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gotoxy(52 , 1 2); p ri atft" Age = );gotoxy (65. 1 2); print f( ‘ H %7 .3 1 f h M ,(j de- 

nmjd)*24.0); 

gotoxy(52 1 1 3);printfl( ,, Qvalue = *');gotoxy(65 J 3 ) iprint^ 11 %7 .31f" ,q val ) ; 

goioxy(52J4);printn[ ,, VisLK “ rt );gotoxy(65, 14);cout«” 
gotaxy(68,14): 
ifi(qval>(h2l6) 

cout« n EV"; 

else 

if(qval>-0.014) 

cout«'‘VUPC”; 

else 

if\qval>-O l 232) 

eout«MMOATFC"; 

else 

if(qval>-0.293) 

cout«’V VVOAO"; 

else 

cornier: 

gotoxy(52J5);primf("Lag = ’); 
i i\ ltms-ltss<0 H 0)cout«"- l1 ;eonvert_hjns( fabs( Hms-ltss)); 
gotoxy(52, 1 6);printfK "Rday = ");gotoxy{65, 1 6);prinLfl[ 1 ,, %.5]f\rday); 
gotoxy(52,l7);printffRdayl - , ’);gotoxy(65J7);printH ,,|> /o.5ir , ,rdayl); 
gotox y( 5 2. 1 B);printf\"Rsky - ");goloxy(65.l S>;prinli( r %.5 1 

gotoxy(52H9);primf("S- value = ,i );gok)xy(65, 19};prinif( M %,5ir\rsky‘ 
rday); 

gotox y ( 5 2 ,2 0 );p r S ntf( "phi lem = 

"): goto xy ( 65 t 2 0); printt'{ H % „ 51 f" . phi lemda ); 
y otox >^52, 2 1 ); print ''ang le her = 

fr ):gotoxy(65,2i );prinlfT%^lf\ angle lior); 
go£oxy( 52,23 ) ; printf( " U m Mag = 

11 ) :gotoxy ($5 s 23 ) ;pri nl f( N % . 2 1 f \ l im magn i t(J) ; 
gotox v ( 5 2,2 2) .print f{ ' ' Moo n s M ag — 

") ;gotoxy(fi 5,2 2);primf( w %,2lf , > ni nmag); 
goloxy(52.24);prmtf( "Rcl Hum = 

*); got o x y (65 ,24 );prin t f( 11 %.2 1 f * ,phum); 
goto x > ( 52 ,2 5 ) ; pr i ntf( " l c m pe ra i u rc= 

11 );gOtox y (65,2 5 ) ;print ft 21f 1 ,pte mp) ; 

gotox y ( 5. 2S);pri ntf( " scc(s/r) mm(m/n) hour(h/l) humid(a/b} temp(c/d) 
day(e/f) print(p) nmge(q) H1 ); 



break; } 
break; } 
break; } 
break; } 



n ex I s' getch(); 
switch(nexts) 

{ 

ease "s’: { inc_sec{); 

case V: { dcc_sec(); 

ease f nV: { ine_min(); 

case h nb { dec_mm(); 
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case "h 1 ; 


{ inc_hour(); 


break; 




case T: 


{ <jec_hourO; 


break: 


> 


case 'a': 


{ phum-H-; 


break: 


> 


case V : 


{ phum-s 


break; 


} 


case r c’; 


{ ptemp++; 


break; 


i 


case F d f : 


{ ptemp-; 


break; 


! 


case V: 


[ mcdnyO; 


break ; 


} 


case T: 


{ dee day(); 


break; 


) 


case ’p f : 


{ fileoutlQ; 


break; 


} 


case q 1 ; 


{ time rnngcO; 


break; 


} 



}} _ 

\vhile(nexts!=V); 

golox y{5 0*29 ) ; cout« "New Calculation ? M ; 
g oloxy (7 7,29 ) ; n ext s- getch { ) ; clrscrQ; 

) 

whSleCnexial^r 1 }; 

go iox y ( 1 0 J 0 ) ; com« n A1 1 ah H afiz" ; geich{ ); 



} 

vo id inpuld atet i me { vo i d ) 

( gotoxy(20,2);cout« "Enter Local Time & Dale"; 
goioxyf 1 0*4 ) ; c o ut< < " Observation N o. 
gOtoxy(10,6);cout « "Day 
goi ox y ( 10,8) : c out « "Mo mh 
gOtoxy(10J0);cout « "Year 
gotoxy( 10, 1 2);cout « "Long.(+ for East) 
getoxy(10J4);coul « "Lat. (+ for North) 
gotoxy ( 10,16) :cou I « "Altilu de above S ea 
gotoxy( 1 0, 1 8);coui- ■’ "Estlm Temperature 
go t oxy ( 1 0 , 20) ;cou t« ,T Estim Humidity 
press= 1 0 1 0.0; swr= 0*0: 



; "xin»ocnt; 
”;cin »daic; 

";cin »momh; 

";dn »year; 

";dn »plong; 

'kcin »plal: 

";dn »palt; 

";dn »plemp; 

; ";cin »phum; 



} 

void first calculaiionQ 

{ 



i f{leapcTieck(int(year))) 

mcmihdaysp ]=29,G; 
else monihdaysj 1 ]-28,G; 

I date -date ;1 monih=momh ;Iyear=year; 

/oniim^ptong/ 15 . 0 ; 

i 111 f zon l im - 1 o ng(zo m i m ) )>0 . 5 ) 

zont i m=dou b le(long(zontimtl.0»; 

else 



zont i m=dou b1e(long(zuntim )); 

I hour^hour+t m i n+sec/60, 0)/60. 0)-zom t m ; 
if(lhour>=24.0) 

{ lhour^lhour-24.0; 
ldaic=ldate+L0; 



20S 




l f( ldate>niottlhday s{mt(lrnanth- 1 .0)]) 

{ ldatc=LO; 

lmOfith=lmonth+] .0; 
if(lmorith>12.0} 

{ Jmonth=l r O; 

1 year-1 yearn LO; 

)}} 

if(lhour<0.0) 

( lhouM-=24.{); 

I date- Id ate- 1.0; 
if(ldatc<L0) 

{ 

lmonth-ltaonth-1 .0; 
if(ijnonth<hQ) 

{ lmonth=12»0; 

lvear=lyear-L0; 

} 

ldate=monthdays[im(lrnonlh- 1 .0}]; 

s ) 

ttdate~ldate : [imoiuh=lmontli;tty 'car=lye£ir; 
tthour=lhour i ddbu{in[(lyear-162O.O}]/360O<O; 
if(Uhuur>~24.0) 

{ tthour=tthour~24 0; 

ttdate^tdate+l.O; 
i f(Ud ale> monthd aysfi nl(l (month )] } 

{ tfdate=LG; 

iimomh=umoiuh+ L-0; 
if(timomh> 1 2.0} 

( ttmonth=l,0; 

Uyearntyear-H .0; 

}}) 

J Vac- 1 hour 24,0; 

} 

void manth_changei ) 

t 

d tnewmoo n(da ic.mont h*ye ar ); 

gotoxy{5.1 i:cout«"Nc\v Moon ' 1 ;primf( ,, JD = %lf\nmjd); 
print f(” or 0 ad/%d/%d M jnl{nrndate)dnt(nmmonth )jnt(ninycar)); 
nm dale^d o ub ! c( I o n g(n md at e)) ; 
nm mo nth=dou bl t( I on g(n m mon t h}) ; 
nm y c a r= doub lc( ] on g( n ra yea r)); 

printfC at %d:%d:%d ( rD) M irtt(tmvhour) 1 inl(mnmin) J int(nmsec)); 

piintf\" or e od:%d:%d (UT)'\int(uhour) > )ni(umin) f int(usec)); 

frac=(uhour ■*■( uni i n+usec/60-0)/60, 0)/24.0*dd tat[ ini(nmyear- 1 620.0)]/&64 00.0; 

i\ rstc ale uhtio n( ) ; setti ng _rt () ; 

hour=btim; 
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if(huur>-24.G} hour~”24.G; 

i f(hour<Q.O) hour+=24.0; 

t ii i 11 = (h our- do ub le(l on g( h our) )}* 60.0; 
set: (mi n-double(long(min)}) + 60.0; 
m i n =dou bl e( Ion g(m i n)) ; 
sec^d ou b I e (1 ong(sec)) ; 
h o u r=dou bl e( Ion g(hou r) ) ; 

> 

void sciting_ft(void) 

{ 

sun self); moonselO; 
bum- I tss+4. 0 *{ lims- Itss)/ 9 .0; 

gotoxy(2 ,5);cout«"( LT) of Sun Set : Pl ;conven_h m s(liss); 
gotoxy(52,5);coui«”, Best Time : "xonven hms(btim); 
gotoxy(3 03 ) ;cout« H , Moon Set : M ;convert_hms(hlns); 
gotofcy(2,6);cout«"(LT) of Sun Rise : M ;convert_hms(ltsr); 
gotox y ( 3 0, 6) ;cout« ' ' . Moon Rise : 11 ;convert Jims(itmr); 

} 

void ouiinfo(void) 

{ 

gQloxy{2,3);cout«"Lat. 

goloxy( 8 ,3 );convert_dms( fabs(plai)}; 

if(plal<Q.O) printR "S”); else printffN”); 

got ox y( 20 . 3 ),co u t« " Long. " 1 ; go iox y( 27„3) erid ms(fabs(p] o n g)); 

ill[plong>0.0) print fC'E"); else printf( M W"); 

got OXy ( 403 ) ; coy t <<5S T Zone ' r ; 

gotoxy(483); 

if(zoniim<0.0) coul« n -"; else cout«*'+ ti ; 

gotoxy (49 . 3 );pri ntf( "%2 ,01 r ,fa bs( zo mini )}; 
got ox y (2,4) ; pri ntf( ' ' LMT %2 d : %2 d : %2d " a nt (hou r), i n t (m in )* i nt{ sec ) ) ; 
gotoxy ( 1 5 , 4); pri n l ft "(%2 d /%2 d/%4 d) U T " , i n t( cl ate ). i ]i i( month), int( year)) ; 
gotoxy (3 1 ,4); convert .Jim s(f hour); 

goto xy (42 ,4 ) ; P ri ntf< 11 (%2d/%2d/%4d), JD * ", int(l da le),i n 1(1 mon t b) t i nt ( I year) ) ; 

go tox y (6 0 ,4) ;pri ntf( 1 1 % .6 1 f ' .j de); 

gotox y ( 65 ,3 ) ;co u t« ' ' TD : " ;eo n v e rl h ms(t ih ou r) ; 

got o x y ( 22,8); cout«" S u n" ;go i o xy (40 3 ) ; cout« ' ' M o o rt 11 ; 

goto xy (2 , i 0 ); cout«" Ci e oe. Lon g . " ; 

gotoxy (2,1 1 );txHit«"Geoc. LaiiL”; 

go loxy ( 2 J 2) ;eout« ' ' Geoc . Dis l , " ; 

gotoxy (2, 1 4);cout«' f Geoc . R A : *: ; 

got ox y ( 2,1 5 );cout«"Gcoc , DELT"; 

gotoxy (2 ,16) ;cout«" Ho ur Angl c: 11 ; 

gotoxy (2* 1 8);couK<"Top* RAf; 

go toxy (2 , 1 9) ; c o at«’*T op, D E Lt: ” ; 

gotoxy (2 T 20};cout«' Top. 1 IA:"; 

gotox y ( 2.2 2); cout « " A U itud e ; " ; 
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goloxy (2 t 2 3 );eout «" Azimut : " ; 
goioxy{2*24 ); cout « " Sc mi ~D ia: " ; 

) 

int leapcheck(int n) 

{ int k=G; 

if((ii%4O0}!=O) 

i if((n%i00)— 0) k=0; 

else i(\(n%4)=G) k=l ; 

i 

else k~ l ; 
rctum(k); 

I 

double juliandate(do Lib l e y redouble mu, double de, double fr) 

i 

double a,bjd; 

if(mn<3) [ y r=yr- 1 ;mn-mn+ J 2; } 

a-(doublc (Jong (yr/100,0))); 
b=2-a+ (double (long {a/ 4.0))): 

jd=(doubIe (long (365,25*(yr+47 ! 6.0))))+ (double (long 
(30.6001 *(mn+ L0))))+dc+b- 1 524.5+fr; 
return jd; 

} 

void mitation(void) 

{ 

t~(jde-245 1 545,0)/36525,0; 

epsilon-23, 0+( 26,0+2 i ,44S/60,0)/60,0-(46.81 5/3600.0)* t- 
(0,00059/3 600.0) + i*t + -K0.00 1 g 1 3/3600 .0)*t*l*t; 
etongr 297. 85016+445267, 11 148*1-0,001 9 1 42*l*t+t*t* l/l 89474*0; 
sanom=3 57.52 772+3 5999 .0503 4* t-0< 000 1 603 * t*t/30OOQO .0 ; 

manom= 1 34 >96298 +477 1 98.867 39B*H 0,QO86972*t*t+t*t*t/56250,0; 
marg=93.27 191 +483202,01 7538*l-0.0(DG825nn+t*t*t/32727Q.0; 
tnode= 125.04452- 1 934. 1 3626 1 * 1 + 0 * 0 020708 *t*t+t*t*t/4 5 0000,0; 
deltas! -0,0; 
deltaepsi^O.O; 
for(i=0;i<63;i++) 

{ 

del tasi=dcl las i+(nut_obl [i J [ 5 ] + nu t obi [ i ] [6] * t) * sin((n ut_obl [ i ] [ 0] * e I ong+ 
nut_obl[i][ 1 ]*sanom+ruit_obl [i] [2] *manom+nui_obl[i)[3 j*marg+ 
nufobi[i][4]*lnode)*PI/ 180.0); 

dc 1 lae psi +=( (nui_obl [i ] [7 ]+nut_obl [i ] [ 8 ] * nt) + co s((nut m obl [ i J [0] * elong+ 
mil oblfiiri 1 + sanom+nul o bl [ il [2 1 * manom f n ut obl[i][31*marg+ 
mu_obl[i] [4] * Inode)* PI/1 80.0)); 

} 

delta$i*^{ 1 ,0/{ 1 0000.0* 3600,0)); 
deltaepsi*=(l ,0/( 10000,0*3600,0)}; 
epsilon=ep$ilon+ deltaepsi; 
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} 

void sidtime(double) 

( 

gmsizero=6.0+(4 1 .0+50,548* 1, 60.0y60.0+(8640 1 84,8 I 2866* st- 0.093 104*sl*sL 
0 .0000062 * st * si * st)/3 600*0; 
gasizero=gmstzero+ddtasi*cos(epsilon*P!/l 80.0)/] 5 >0; 
gmstzera=( f gmstzero/24 .0}-dgub le(long(gmstzero/24 .0)))* 24 .0; 
gasi2ero=((gastzero/24 .0)-doubl e( I ong{gast3MSTO/24 ,0)))* 24.0; 
i f( gmstzero < 0 ,0) gi nstzero+=24 . 0 ; 

i i(gmslzero> 24,0) gmst zc ro«°24 , 0; 

i f ( gastze ro<0, 0) ga slzero+ “24 . 0 ; 

if(gastzero>0,0) gas izero* =24,0; 

gmstcurr“gmstzero+frac*24,0* 1 .00273790935; 
gastcurr=gastzero+frac*24,0* 1 .00273790935; 
ifi[gmstcun>24.0) gmilcvur- -24,0; 

\ f(gmstciirr<0,0) gmstcurr+^24.0; 

if( gas tc ujt> 24 , 0) gast cu rr-=24 , 0 ; 

i f(gastcurr<0 . 0) ga stcu rr+=24 ,0 ; 

1 mstcurr^gmstcu rr+plong/ I 5.0; 

! astc urr=gai tc u n+ p I o n g/ 15.0; 
if(lastcurr>24 ,0) lastc urr- =24.0; 

\ f(l m?itcurr>24 .0) Imstc urr-=24 .0 ; 

lI'( lastc utt< 0-0) lastairr+=24X>; 

i f( lmstcurr< 0.0) I mstcu rr+ =24, 0; 

} 

void co nvert dmsi double coord) 

{ 

cdeg a =double{long{coord)); 
c mi n={ coord-cd eg )* 60. 0 ; 
cs£C={cmin-d£>uble(Ioiig(cm in)))* 60.0; 
p ri nt f( "%3 do%2d m% 2 ds" dnt ( c deg) J nt(c m i n )d i>l(csec )) ; 

1 

void convert hmsidoubte coord) 

{ 

c deg=d ou ble ( 1 on g(co ord )) ; 
c m i n=(c oo rd-ede g ) * 6 0, Q ; 
csec~(cmin-do u ble{ I ang(c m i n ))) * 60, 0 ; 
p l i nl f( " %2 dh%2 d m %2 ds'\i nt(cd e g) , i nt( cm i n)*i nt( cscc)); 

} 

void sim coord(double) 

{ 

fpir— fopen( hh vs opeart ,txt' 1 , 'V ) ; 

// LONGITUDE OF EARTH 

for(i=0;i<6;i++) 

{ temp=0.0; 

for(j =0;j <1 n gili] j + +) 
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{ fscanf(fplr,*%l f %If %I f\&ax ,&bx* &c); 

iemp=temp+ax* co s(bx + c * t ); 

) 

s E a ng f =(temp* pow(t,i )); 

J 

s long s I on g/ 1 00000000.0: 

$long=slong* 1 80.0/PI; 

slong ( si o n g/3 60. 0-d oub I e(long(s long/3 60,0))): 
slong‘ i '-360.0;slong+= ] 80.0; 
ifl[s long <0.0) 

slong+—360.0; 

if(skmg>360.D) 

slangs dong-3 60.0; 

// Latitude OF EARTH 

{ temp- 0,0; 

fo r(j =0:j < I at f| i ] :) ++) 

{ fscan i\ fpir/ 1 %I f %l f %I P\& a x ,& bx + &c ) : 

te m p=tempH-ax * co s( bx + c 1 * t ) ; 

} 

slaH (iemp*pow(tJ)); 

} * 

s I at— slat/ 1 00 000 000 . 0; 
slat *=( 180,0/PI); 
for(i=fl;s<5;i-H‘) 

{ tempHXO; 

lbr(j - 0 :j <d st f[ i] :j++) 

{ fscanfl[fptr/%lf%lf%ir,&ax.&bx,&c); 
iemp= le m p+ax * c b x +c * t); 

} . 

sdst 1 sd s t-Hc mp* pow(t T i ) ; 

) 

dst^sdst; 

fclose(fplr); 

sdst- sdst/ 1 00000000,0; 

dst^sdsi* 149597870.0; 

s I o ng-slong+del Iasi -(20.489 8/sdst)/3600. 0 ; 

sal pha=si n(slong* PI/ 1 8G.O)*cos(epsilon* PI/1 80.0); 

salpba siilpha-tan(slat*Pl/l 80_0)*dn(cpsUon*PI/l 80.0); 

5aipha=‘sulpha/(cos(5lorLg*PI/ 1 80.0)); 

sal pha^atan(salpha)* 1 80.0/PI; 

i f(( s long>9 0 .0)&& (si ong<270 . 0)) salpha+= 180.0; 

i f(sIon g> 270 .0} sal pha+- 360.0; 

salpha-^alpba/15.0; 

t f (sa 3 pha>24 j 0) sal pha=sal pha- 24 . 0; 

sha=!astc u rr-sal pha ; 
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if(sha<0,0) sha+-24.Q; 

sdel la =sm(sl at* P 1/ 1 80 .0) * co s(epsi Ion* PI/ 1 80 ,0); 

sdelta=sd el ta+cos{sl at* P 1/ 1 SG.0)* sin(epsiloii* PI/ 1 80,0)* sb(slong* PI/ 1 80 .0) ; 

sddta=a5in($delta)* 180.0/PI; 

paralx(sha*sdclia); 

sal phap = sal pha +■ de I taalpha; 

sha^s ha-de I laalpha; 

sdellap“dcliap; 

saU=3in(plai*Pl/ J 80.0) + sm(sdeltap* PI/1 80,0)+cos(plai* PI/ 1 80.0)’cos(sdcllap‘ PI/ 
180.0)*cos(sha*15.0*PV 180.0); 
salt^s in(saU)* ! 80.0/PI; 
ii{swr=l) 

{ 

srefH 1 .02/(tan((salt+ 1 0. 3/(sah+5 . 1 1 )) * PI/ 1 80.<fl))*(28 3 .0/(2 73 .0-+ tempt)) ‘(press 
/ 1 0 1 0.0); 
srefr=srefr/60.0; 

secia“sin(plat*PI/l 80,0)~sm(9deltap*P[/ 3 80 .Q)*sm(sali* PI/ 1 80.0); 
secta=sceia/(cos(sdcltap* PI/ 1 80.0)* cos( sa 1 i* PI/ 1 80.0) ) : 
seeta^aco s(seeta) * 1 8 0 .0/P I ; 
sddtar=sddtap+srefr*c0s(seela + PI/ 1 80.0); 
sKor^sha-(srcfr* 5m(seeia* PI/ 1 80 ,0)/cos(sddtar* PI / 1 80.0))/ 15,0; 

} 

else 

{ sdeltar=sddta; shar^sha; ) 

sa h ~ sintplai* PI/ 1 80 .0 )* sin(sdel lar* P M I SO ,0)+cos(pl at* P 1/ 1 8 0 ,0)* cos( sdel i ar* P 1/ 
1 8Q.Q)*cos{shar* I 5.0* PI/ 180.0); 
salt=asin(salt)* 1 80.0/P 1; 

saU+-(acos{emaj/lemaj+hile/ 1 000.0))* 1 80.0. r Pl)/l 5.0: 

sazm=sm(sddtar*PT/ 1 80.0)-sin( plai* PI 1 80,0)*sin(salt*Pl/1 80.0); 

sa son- sazm/(cos(plat* PI/1 BQ + 0)*cGs(sa1t*Pl/l SO.O)); 

sazm=aeos(sa^m)* 1 80.0/P l ; 

ifXshar=0.0) sazm= 180.0; 

el sc i fl[shar= 12 .0} sa/jn : 3 60 . 0 ; 

else if(shar<12i}) &a/m~360,Q-saznv; 

ssemidia (srad/dsi)* 1 8 0.0/P l ; 

s5cmidia*-60.0; 

} 

void mooncoord(double) 

* 

fptrl- fo pe n ( "d p200 Q . ixi’V'r" ) ; 

51.1 m v -0 . 0 ; su m v p=Q, 0; sum vpp^O 0 ;su m Vppp=0 . 0 ; 
for(i“0;K218;i++) 

{ fscanfl fptr2,' 1D /oLf %lf %lf %lf %\t 

%lf\&v^p0*&alph&dp2>&alp3 3 &alp4); 

sumv=stt(nvH*sin((alpO+alpl *t+alp2*t*t/l 0000.0 

+alp3 *pow(t,3)/ 1 000000.0 
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4 alp3 * pow(t4)/ 1 00000000,0)* PI/1 80,0); 

} 

for(i=0;i<244; i++) 

{ fsc a n f( fplrZ, "%l f %!f %1 f 1 ,<& v , & a I p0,& alp 1 ); 

sunn p-sum\ p-*-v*sm{(a]pO+alp ]*l)*PL/l 80,0); 

} 

for(i“0;i<154;i*-+) 

( fscanf( fptr2 4 *%lf %1 f %If 1 ,& v ,&alp0,&alp 1 ); 

sumvpp- sum vpp+v* s i n((al pO+aip 1 L/l K0.0); 

} 

for(L=0;i<25;i++) 

{ tkanf(fptr2: , %lf%lf%If\&v,&alpO,&alpl); 

sumvppp=sumvppp4-v*sirt((0]p(Haipt *t)*PI/l 80 + 0); 

) 

mlong 2 18. 3 1665+48 1267,88 1 34* 1-13.268*1*1/1 0000.0 

- LS56*pow(Lj)/l 000000,0- 1 .534*pou (i,4 V ! 00000000.0 
+ sum v 4 (su mvp+sum vpp* i+su mvppp * t*l/ 1 00 00.0)/ 1 000 . 0 ; 
mlon g 0 n I a ng/3 60 , 0- ( lo ng (m!ong/360.0)))*360.0; 
if(mlong<0) 

mlong+~36G; 

sumir 0,0;sumup=0,0;sumupp= 0,Q;$umuppp 0.0; 
sttmr ■ 0 . 0 ; s ur nrp=0 , 0 ;sumrp p^0. 0 ;s m n rpp p~ 0.0; 
for(i --0;i<lS8;i++) 

{ fscaafirplrf, l %Lf %Lf %1£%lf %\ f 

%ir,&v t &alpO,&alpK&alp2 l &alp3,&uip4): 
sumu=sumti+v' * sin({alp0+alp I *t+alp2*l*l/ 1 0000,0- alp3*pow(t,3)/ 1 000000.0 
+alp3 *po w(t«4)/ 1 00000000 ,0) * P 1/ 1 80.0); 

} 

for(i-0;i<64 1 i"Hf) 

( fscan f(fptr2 /I%1 f %If %lf" ,& v t &a I p0, &a I p 1 ); 

su tii u p~ sum up+ v * sin (( a ! pO+al p 1 * t )* PI/ 1 80.0) ; 

} 

fcr(i 0;i<64;H +) 

{ fscanfT(fpti2/'%[f %lf %1 v,&alp0 T &aip 1 ); 

su mup pRsumu pp+ v* si n( (al p0+ alp 1 * i ) 1 * P 1/ 180.0); 

} 

for(i Stt 0;i<l2;i++) 

\ Iscunr(fpir2:%lf%lf%lf\&v,&alp0,&alpn; 

Sumuppp=sumuppp4 v * sin((alpO + alpl *l)*Pl/l 80.0); 

} 

mlat=sumu+(sumup+5umupp*t+sumuppp * t * t/ 1 0000.0)/ 1 000.0; 
for(i-0;i<154;L+4) 

{ fseanf(fptr2/ r %lf %!f %lf %\f %\f 

%lf\&v,&alp0 1 &alpU&alp2 ( &atp3 1 &alp4); 

sumr a sum r+ v * cos((alp0+alp 1 * t+alp2 * t *t/ 1 0000, 0+aIp3 * pow(t, 3 )/ 1 000000 p0 

+alp3*pow(t»4)/ 1 00000000.0)* PI/1 80.0); 
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i 

for(i=0;i<1 14;i++) 

{ fscanf(fptr2 , " %1 f %1 f % If ’ , &v T &a I pO,&al p 1 ) ; 

sumrp=sumrp+v *cos((al pQfalp 1 *t)* PI/ 1 80.0); 

} 

for(i=0;i<68;i++) 

{ Iscati f(fptr2,"%lf %lf %lr,&v,&alpO.&alpi); 

5 umrpp=sumrpp+ v* cos ((alpO+a lpl*l)*PI/180.0); 



} 

for(i-0iL<9u++) 

{ rscantXiplr2 T , '%ir%lf%lf‘.&v.&a[pO.&a1pl); 

su m rp pp=su m ip pp+v * cos(( al pO+al p 1 *t)* PI/ 1 80,0), 

} 

fclose(fpir2); 

mdst=3 85000. 5 7 +sumr+sumrp+«Jmipp*[ + SumrH>p* l *1/10000.0; 

mlaH mlal/3 60.0-{ loti g ( m I at/3 60 .0) )}* 3 60. 0; 

mlong+=(-0.000 19524-0.0000 1 059* sin((225 .0+477 1 98.9*t)*PI/l 80.0)}; 

nl i at+={-0 .0000 1 7 54* s i n ({ 1 8 3 . 3+483202 . 0* 1) * PI/ 1 8 0 . 0)); 

mdst+-(0.0708*cos((225 .0+477 198.9*1)* PI/1 80.0)); 
mlont+=ddiasi; 

maiph»-sinCmlong*PI/l 80*0)»cos(cpsilon* P1/1SO.O); 
irfalpha-maiidia-tantmlat* PI/1 80.0)* si n(cpsilon*PI/l 80.0); 
mal pha ~ mal pha/(c os(m1 ong 1,1 P 1/ 180,0 )); 
malpha B ^tdi(nialpha)* 180.0/PI; 

i f{( m Ion g>9 0 .0)& & (mlon g<27 0, 0)) nial ph a*+ • 1 8 ■ 0 ; 

if(mk>ng>270.Q) malpha+^360.0; 

malpha^m&Jpha/l 5,0; 

if(malpha>24.0) malpha=malpha-24.0; 

ni ha=l aslcurr-malpha ; 
if(mha>.24.0) mha-=24.0; 

ifi(mha<0.0) mha+=24.0; 

mdeUa=sin(inlat*P]/180.0)*cos(epsilou*Pl/!S0.0); .ot/unm- 

fruinli a=mdelteHiBSf mlat* P 1/ 1 80.0)*si n(cpsilon*Pl/ 1 80.0) sm{tnlong I 1.180.0). 
mde Ita-asi n(mde Ita}* l 80.0/PI; 

paralx(mha t mdellu); 

malph ap -mal pha+de Uaal pha ; 
mddtap-deltap; 

maH=sm(plal*Pl/i80,0) # Mn(mdenap*Pl/]80.0)+cosCpiai 4 PL/180.0)*cos(mdeliap* 

PI/ 1 8 0 .0)* cos( mha* 15.0*P1/180,0); 
malt-asm(nialt)* 1 80,0/Pl; 
if(wr==l) 

Lfr(l ,02/(tan((mak+10.3/(maU+5.! 1 ))*P 17180.0)))* (2 83, 0/(27 3.0 +1 cm pr ))*( P r 

ess/1 01 0,0); 
mrefr^rnrefr/ 60.0; 
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mceta=sin(plat* 1 3 [/ 1 80.0)-sm(mddtap*PI/l 80.G)*sin(maJt* P V 1 BO.O); 
meeta=m eeta/( cos{ mdelta*PI/ ] 80.0)* cosfmalt * PI / 1 SOD)): 
i t\ fabs(meeta )<- ID ) 

{ gotoxy(45,2G);cout<< lp 

meeta=acos(meeta}* 1 SOD/PI; 

mde Lta i - mde ] tap+m re fr* e os{ m ecta* PI/1 K0 ,0) ; 

mhar=mha- 

(mrc fr * s i n( meeta* P 1/ 1 80 . 0 )/cos( mdeltar* P 1/ 1 80 .0 ))/ 1 5 .0 ; 



malt=fiin(plat* PI/ 1 80 . 0 )* sin(mddtar*PI/l 80,0)+cos(plat*PS/l 80.0)*cos(miid|lt^ 
Pi/ 1 80.0)* cos(mhar* 15,0* PI/ 1 80.0); 
m a 1 {- asi n ( in alt) * 1 SO D/Pl ; 
malt+=(acos(eraaj/{emaj ♦ bite/ 1 000-0))* 180D/PI); 



} 

else 

cout«"eeta greater than 1"; 



} 

else 

! niddtar=mddlap; 
tnhapmha; 

i, wm - sin(mdeltar*Pl/ 180 , 0 )-sin(plal*Pl/ 180 . 0 )»siJi(mall*Pl/ 180 . 0 ); 

maznv -mflzm/(cqs(plal* 1*1/1 80,0)*co$(malt*Pl/ 1 BO.O)): 

mazm=aeos(mazni)* 180 .0/PI; 

if(mha=*DD) 

mazm”i80D; 



else 

iffmha— 12.0) 

mazm=J60D; 



else 

if(mha<l2.0) 

mazm=360.0-mazni; 



mscmidia^mrad/mdsl}* 1 80.0/PI; 



msemidia*=60.0; 

«lili“acos(cos(sloiie*l , l/ 180 . 0 )*sin(epsilon t ?l/IB 0 . 0 )/(pmv(l._ 0 - 
po\v(sin(epsi I on * PI/ 1 SO.O^sin/slong^PI/l 80.0),2,0),0,5 ))), 
echh=echh* 1 80.0/PI; 
m=sin(plai*PI/lBO.O); 

iii=Lti/(pow( 1 .0-pow(sin(cpsilon*PI/l80,0)*sin(slong'P!/l 80.0),2.0),0. 



5)); 



ili acos(iii)*l 80.0/PI; 



ell-echh-iii; 

phileroda=cchh-iii; 
angle hor^QD-philemda; 

rday=(25 . 5 -msem i dt a/2 .2)* eos{p!at* Pl/T 8QD)/cos(phi lemda* PI/ 1 80-0) ; 
rday 1 = 10-5 *cos(plat* ?V 1 80,0)/cos(philemda* Pl/1 80.0); 
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i f(( irticmg<9G.G}&& (slong> 3 00*0) ) 
de I o ng=ml ong+3 60 . 0- s I o ng; 

else 

delon g-in Ion g- along; 

rskv^mSai* tnn(phtkindn* PI/ 1 SQ.GJ+dfilong; 

} 

double mcdfunc(doubk xy) 

( xy=xy/36Q; 

xy^(xy-(doubk (long(xy))})* 360; 
if(xy<0) xy=360+xy; 

return xy: 

} 

void poralx(double hh, double dd) 

{ double xx,yy,hp; 

u u"atan(em in* tan (pi at* PI/ 1 8 0 .0 )/ecnaj) * 1 8 0 0/PI : 

1 L* — ! C Q, 

p!atp=plat-(692 . 7 3 *s i n(2 J)*plat* PI/ 1 80.0)- 1 . 1 6 * s i n(4.0* plat* P 1/ 1 80 .0))/ 3600, 0 ; 
xx=emm* sin(mi * P 1/ 1 80 .0)/ etnaj +hite* sin(p lat * PI/ 1 80.0)/ cons : 

yy=c«(uu*PI/ 1 80.0)+hite*cos(ptat* P [/ 1 80.0)/cons; 
rho=po vi(xx* xx+yy* yy,0. 5)*emaj ; 

dekaalpha=atan((-pie ,| 'cos(p!iil*Pl/l 80.0)*lto[hh*Pl/l80.0))/ 

(cos(dd* PI/1 80.0)-pie* qos(platp*PI/ 180.0)* cos(hh PI, 180.0))), 

deltaalpha*=(l 80.0/PI); 
hp~hh-deltaalpha; 

(co^dd*Pl/180.0)*cos(hh*Pl/lS0.Q)-pie*eos(plalp PI1S0.0))), 

deltap*-( I 80.0/PI); 
hpMS.Q; 

void dt new moon^doublo^doub 9 e ,double) 

{ 

yy z =yeaf+ (month- 1 ,G+date/30;0)/ 1 2.0; 
kay= ( y y -20 00 .0) *12.3 68 5 : 
if(kay<0.0) 

kay^{double (long (kay)))-l*0; 
else kay=(doubk (long (kay))); 

nm i d =24 5 ^ 1 5 50 .09766+29 , 5 30 5 8 8 8 6 1 *kay+0.000 1 5437*tee*tee- 
0 0000001 5 , tee + tee*iee+0 + 00000000073*ke*tec lee tee, 
msun=modfunc(2.5 534+29.1 (153 567 'kay- 0.00000 I4*tee*iee- 

0.0000001 l*lec*tee*lee); *. inmnn ,™ 

nunoon=mo<SfUncC20 1 . 5643+3 85 . 8 1 693 528*kay+0.0 1 07 5 82 * tee* tee+0 .0000 1 2 3 8 

* tee*tee*tee-0.000000058* tee* tee*tee* tee); 
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farg=modfunc( 1 60.7 108+3 9G. 67 O 502 84* kay-O.tM) 1 6 IS 8*lce # tee- 
0.000002 2 7* po w(tce,3 ) +0 1 OOOOCJO0 1 ] *pofw(tee>4)); 
omeg=m od Fun c( 1 24 .7746 - 

l P 563755SB*kay+O f Q02O672*tee*tee+O.OQ0OQ2 1 5*pow(tee,3)); 
eee= l .0-0.0025 1 6*tee-O.OG00074 + tee* tcc; 

ms\m*=(¥Ul 80.0);mmo<m*=(PI/l 80.0);farg*^(PI/180.0);oineg*=(PJ/l 80.0); 

pe^0.4072*sin(mmoon)+0,I7241*ecc 1 'sin(Tiisun)t0.0I608 + 5int2.0’ f mmociii); 

per+={0.0 3 Q39*sin(2.0*farg) + 0.00739* eee* si nCmmoon-m sun)- 
0.005 14^ eee* sin(ms un+ mmoo n)) ; 

per+={0. 00208 *pow(eee,2 . 0) * sin(2.0* msun)-0. 00 1 1 1 *sin(mmoon-2.0*larg)- 
0.000 57* s m(m moon+2,0* far g) ) ; 
pet+=( 0 . 000 5 6 * ecc* sin ( 2 .0* mmoon+msun )- 

0 . 00042* sin(3 , 0 * mmoonKO . 00042 * eee* sinCm sun + 2.0 + fare)); 

per+= ( 0 . 0 003 8 * eee * si n(m aun- 2 . 0 + farg)- 0 . 00024 * ee e * si n(2 . 0 * ramo un- m s un )- 

0.000l7*3m(omcg)); 

pe r+={-0,0000 7* sin(mmoon+2 .0 * msun)+Q.00G04 *sin{2*Q *mitioon- 
2 .0* farg)+ 0 . 00004 * si n( 3 , 0 * msu n)); 
pcr+={0 . 0 00 0 3 * si n(mmoo n+msu n- 

2 ,0* farg)+0.00003 * sin(2.G* mmotm+2.0*farg)); 
per+=( . o ,00003 ♦sin{mm oon+ msun+2 . 0 * furg )+0 0 00 0 3 * si n( m moon - 
msun+2*0*farg)); 

per+- { -0 . 00002 * s i n(mm aon- m s un-2 .0 * farg )- 

0,00002 * s in( 3 . 0* in moon+ms un)+0*0 00 02 * si n(4 , 0 * mm oon)) : 
a 1 =(209.77+0, 1 07408 *kay-0, 0091 73 *tce*tee);al *“(P1/1 80,0); 
a2=(251 .88+0,0 1 63il *kay);a2*= s 0 > l/ 1 80,0); 
a3K25L83+26.65l886+kay);a3*-(PI/180,0); 
a 4=(349.42+36.412478*kay);a4*-(P!/180.0}; 

a5«(84.66+ 1 8 ,2Q6239*kay);a5*=(PI/ 1 80.0); 
a6~( 141 .74+53 .30377 ! * kay);a6*=(F0^l 80.0); 
a?=(207. 1 4+2,453732+ kay);a7*=(Pl/ 180,0); . 
a8=( 1 54 . 84+ 7 . 306860* kay ) ; a8 * =(Pl/ 180,0); 
a9=(34 .52+27.261 239* kay};u9*={P 1/ 1 80.0); 
a 1 Q=(207 . 19+0.121 824 * kay ) ;a 1 0* “(P 1/1 80.0 ); 
al 1=(291 ,34+1 ,8443 79*kay);al 1*={PI/1 80.0); 
al2-(l6l .72+24 .i98l54*kay);al2*"(i J I/l80.0); 
al 3 -(239. 56 +25*5 1 3099* kay);al 3*=(Pl/ l H0.0); 
al4=(33 1.55+3 .5925 1 8 * kay);al4*HW 1 80.0>; 
addoi^O .0003 2 5 * sin( a 1 ); addcr+=0,Q0G 1 65 + sm(a2); 

adder! O.QG0l64*sin(a3); addcr+^0.QQO126*sin(a4); 
adder +“0.000 1 10* sin(a5); addcr+-0. 000052 *sin(a6); 

adder+ = 0 .00 0060 * si n( a 7 ); add cr+=Q .0000 5 6 * sm (a 8 ) ; 

addcr+^0 . 000047 * sin(a9 ) ; addcr+“0.000042*sin(a!0); 

adder* -0 .000040* si n(a 1 1); addcr+=0.000037*sin(al2); 
add cr+-Q , 00003 5 * sin(a 1 3) ; addci+=0-000023*sin(al4); 
nmjd~ntnjd+per+ adder; z=(double(long(nmjd+0.5))); 

fENonjd-z+0-5; 
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if(z<2299I6i.O) aa=z; else 
{ al ph= ( dou b 1 e ( Iong((z~ 1 8 6 72 1 6, 25 )/ 3 65 24.25 ))); 

aa=z*l 0+alph-(double (long (alph/4,0))); 

} 

bb^aa+1524.0; 

c c=(double (long ({bb- 1 22 . 1 )/ 3 6 5 . 2 5)}) ; 

dd~(double (long (365.25*cc))}; 

ee={ double (long ((bb-dd)/3 0.6001))); 

mndate=bb-dd-( double (long (30.6001 *ee)))+(T; 

if(ee<14.0) nmmonih=ee’ 1 .0; else nmmonth=ee- 1 3.0; 

i f( nmmonih>2 .0) inn yeai=ec-4 716,0; el se nmyear^ ec-47 1 5 ; 0 

nmhour^ ( n i n date -d o ub ! e( 1 ong( nmd ate ) }) * 24 , 0 ; 

uhoui^nmhour-dc Itat [ int(nmy ear- 1 62 0 . 0) ]/ 3 600 . 0 ; 

nmm in-{nm hou r-double( long(nnibo ur»}* 60 .0; 

run sec=( n m m i n-dou bl e( I o ng(nm mi n) )) * 60 . 0 ; 

umi n=( uhou r-dovi b Ic (1 o ng(uhour)) )* 60 . 0 ; 

usec^umin-doubk(long{ymin)))*60,0; 

1 

void inc see(vosd) 

{ 

sec++; 

if(sec>=60.0) 

( sec=0,0; 

mtirH-; 
if(min>=60.0) 

( min ==0.0; 

hour*-*-; 
ifl[bour>=24.0) 

( liour^OO; 

date-H-; 

i f(d ate> momhday s[ i nt( m onth- 1 , 0 )1) 

( daie^ 1 .0; 
month - h*; 
if(month>=12.0) 

{ months L0; 

yearH-; 

}}}}} 

setting nQ; 

j 

void incmm(void) 

{ min-H-; 

if(Tnin>-60.0) 

( min=0.0; 

hour++; 

if(houf>"24.0) 

{ houi^G.G; 
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date++; 

i f ( d ate> mo nihday s [ i nt( m on th- 1 . 0}]) 
{ dale=LO; 
month++; 
i^month>=12 T G) 

{ monih=l ,0; 
yeaiHH-; 

}>}} 

setting_rl(); 

\ 

void inc_hour(void) 

{ 

hoirrH-; 

if(hour>“24,0) 

{ hour=0.0; 

datc++; 

i r{dme> mon thday s[int(month- 1 . 0)] ) 

{ date=I .0; 
monih-f-+; 
ii][monlli>=12.G) 

( momh=L0; 

vear++; 

m 

sclting_n(); 

I 

void inc_day(void) 

{ 

clatcH-4-; 

i f{date> monthdays [ i ni( m on th- 1 * 0)] ) 

{ date=l.0; 
monlh++; 
if{momh>=12.0) 

{ month”], 0; 

yearn-; 

}} 

ifl[sd!= f d h ) 

selling ri(); 

) 

void inemon(void) 

{ 

month++: 

if(monlh>-i2,0) 

{ month ^ 1 .0; 
year-H-; 

} 

inontli_d)ange{); 
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if(selKd') 

setlingjtQ; 



void dec sec(void) 

{ sec-; 

if(sec<]0) 

{ sec =59.0; 

min-; 

iltmiiKl.O} 



tnin=59.0; 
hour—; 
i f(hour< l ,0} 

{ hour-23.0; 

date—; 
iffdate<1.0) 
I 



month—; 

if(month<l,0) 

{ month- 12.0; 

year—; 

I ' 

da le-monthdays [i nt( m o nt h- 1 M) J; 



setting rlO; 

} 

void dec min(void) 

{ 

min-; 

if(min<1.0) 

{ min=59,(h 

hour-; 
if(hour<l ,0) 

{ hour-23.0; 

dale—; 

if(datc<1.0) 

{ 



month—: 

if?momh<L0) 

{ month- 1 2.0; 
year—; 

} 

date-momlidays [i nt(m on ih- 1 ())]; 



sellingrtQ; 
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void decJioiii(void) 

{ 

hour—; 
if(hour<l .0) 

{ hour=23.Q; 
date-; 
if(da!e<1.0) 

{ 

month--; 

if{month<1.0) 

{ month- 1 2. Q; 

year - 

} 

date- monthdavs[im(momh- 1 ,0)]; 

}) 

seuingrtQ; 

} 

void dec_day(void) 

{ 

date—; 

if(datc<L0) 

{ 

month—; 
ifl[month<] .0) 

^ month=l2.0; 
year—; 

} 

^ date^mon t hday s[ i n t( mo mh- 1,0)]; 

setting] if); 

} 

void sun sei(void) 

{ frae^G.G; 

forwent- ] ;3ent<4;!ent+-r) 

{ 

j d -j u Han daie(year t mo inh.datc.frac); 
jdc=jd+ddtat|int(yeaM620.0)]/(3600. 0*24.0); 

nutationQ; 

s tjd=j u liandate(y carmonlh : date .0. 0); 
st=(stjd-245 1 545.0) 36525.0; 
sidjime(st); 

t=(jde-245 1 545.0)7365250.0; 
suncoord(t); 
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mimr=sin(-( 50.0/60.0)* PI/ 1 80.0)- 

sin(p1at* Pl/l 8Q«G)*sin(sddtap* PI/ 3 EO.G); 
denm=costplai * PI/ 1 80.0} * cos(sddtap + P V 1 80 .0); 

3 f(iabs(numr/denm)<= 1 .0) 

{ hass^acos(numr/denni)* 1 SO.O/PI; 
m no t^salphap-plong/ 1 5,0-gm stzero; 
mone-mnot-hass/l 5.G; 
mtwo^mnol+hass/ 15.0; 
i no t<0 .0) mnoH-=24 , 0 ; 

i f( mno t>24 . 0) mnot-= 24. 0 ; 
if{mone<0.0) mone+--24.0; 
if( mon c>2 4.0) mone- 24.0; 
ifl[mtwo<0i0) mtvvo+=24*0; 
iiXmtwo>24.0 mtwo-=24,0; 
stss^gm5t7ero+ml\vo* L00273790935; 
tn two- mi wo +deltat[i n t( Iv ear- 1 620 .0 ) ]/3 600. 0 ; 
j d=j u 1 1 an d atc{ ve ai\mo nth 5 d a le , mt wo/24 . 0 ) ; 
l=(jd-245 1 545.0J/365250.0; 
sun^coord(t); 

caph-sts+pJ ong/ 1 5.0-saJphap; 
aItss=asin(sin(plat^PI/180.0)*sin(sdeltap*P 1/1 80.0) 
^cosfplat* PI/I 80.0)*oos(sddiap* PI/1 SQ.0)* 
cos(capb* 1 5.0* PI 1 80.0)) + 1 80.0/PI: 
deliam=((attss+50.0/60,0)/{cos(plal*PI/i80 0) 

*cos(sdeliap*PI/l 80,0)*sin{eaph* 15 H 0*PI/1 80.0)»/1 
ut&s=mtwo+deItam; 

} 

uiss=uts$-deltat [in t(lyean- 1 620. 0 ) ]/3 600.0; 

utss+-({aeos(emaj/(ejTjaj H-hite/ 1 000.0))* 1 80,0/10)/ 15.0); 
Hnc^utss/24,0' 

} 

Itss=ui$s+mntim; 
iilltss<0.0) Uss+=24.0: 

if(Its5>24,0) hss— 24.0; 

frac=0.0; 

fbr(lem=] ;leni<4;lcni++) 

{ 

J & '} ui \ and ate( yea r jno nth .d ate. frac) ; 

jde z jd+ deltat [ i nt(y ear* ] 620.0) j/(3 600 .0*24, 0); 

milationQ; 

stj d=juli a ndat c(y ear, mo n ih,da te,0 .0); 
sl-(5tjd-245i545.0)/36525.0; 

sid lime(st); 

t=(jde-245l545.O)/365250,0; 
sun coord(t); 
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iji 



nurnr-sin(~(50,0/60.0) 4 PI/ 1 80-0)- 

sin(plai*Pl/ 1 8Q.0) # sin(sdehap*PI/l 80.0); 
denm-cos{ptai # PI/l 80.0) t cos(sddlap 4l PI/l 80,0); 
i f( fabs(mimr/ denm)<- 1 ,0) 

{ hass=acos(numr/denm)* 1 BO. O/PI; 

nmot"sal phap-plong/ 1 5 .0-gmsl/.ero; 
m o ne~ mno t-has s/ 1 5 .0; 
mt wo= nrinoi fhass/ 15.0; 
if(rnnot<G,0) mno H- ”2 4.0; 
i^mnoi>24.0) m not— 24.0; 
il\mone<0.0) mono-* -24.0; 
ifl(mone>24.Q) mone— 24.0; 
if(mtwo<0.0) mtwo+=24.0; 
if(mtwo>24.Q) mtwo-=24.0; 

5tsr=gmstzero+rnoite* 1.00273790935; 
mone^m o ne+de I tai [ i nt(ly ear- 1 620 . 0)] / 3 6 00, 0 ; 
j d=j ui iandate( ycar,rnonth .date.mo ne/2 4 . 0); 
t^(jd-245J 5 4 5. 0)/ 36 5250,0: 
suncoord(t); 

ca ph- st sr+ plon g/ 1 5 .0-sa I pha p ; 
altsr"-asin(sin{plat* PI/ 1 80.0) *sin(sdeltap* PI/ 1 80.0) 
+cos(plat*PI/l 80.0)*cos(sdettap*PI/l 80.0) 

*cos(caph* 1 5,0* PJ/ 180.0)}* \ 80.0/P 1; 
dcliamK(BltS!+SO*0/60.0)/CcQs(pJiit*PI/ 180,0)* 

cos(sddtap*Pl/l 80. Q)*sin(eaph* 15.0*Pl/l 80.0)))/ 1 5.0 
\ t tsr^mone+de I tarn ; 

} 

uisr=utsr-ddltii[ in 1(1 year- 1 620,0)]/3600.0; 
ntsr+= r {(acos{emaj/(emaj+hile/l 000,0))* 1 80.0/P1 )/l 5,0); 
frac^atsr/24,0; 

i 

ltsr=uisr-rzontim; 

\ tl[ ltsr<0.0) ltsr+- =24 .0 ; 

iHptsi>24,Q) Usr-=24.0; 

} , ( 

void moonsctQ 
( frac-0.0; 

for(Jcnt=l ;lcnt<4Jcnt++) 

{ 

jd =j ul i andate(yeiUjno nlh,date , frac); 
jde=jd+deltat{int(year* 1 620.0) j/(3600.0*24.0); 
nutation(); 

sij d ^ u] i andate<y caramon il i , dalc,0.0 ) ; 
st“(stjd-245 1 545 .0)/36525,0; 
sidjime(sl); 

Hide-2451 545 *0)/36525,0; 



225 



moon coard(t); »nu\onn\> 

numr=sin(0. 1 2 5 * P 1/ 1 80, 0 )-s i n(plal* P 1/ 1 80.0)*sm(mdeltap*PI/ 180.0), 

denm=cos(p) at * PI/ 1 80.0)* cos{mdeltap* P 1/ 1 80.0); 
i ftfaba(numj7denm)<= 1 ,0) 
j has s=ac Qs(numr/de nm}* 1 80. 0/P 1 ; 

mnot=m at phap-plong/ 1 5 . 0- gtnst zero ; 

mone=mnot-ha5$/ 1 5-0; 

mtwo-ronot+hass/ 1 5 .0; 

if(mnot<Q.Q) mnot + — 24,0' 

if(mtiol>24.0) mnot-= r 24.0; 

if(mt>ne<0.0) mofie+^24,0; 

if(monc>24.0) mone*-24.0; 

if(mtwo<0X)) mtwo+=24*0; 

if(mtwo>24.0) mtwo-»24.0: 

stss~ gm sttzero+mtwo * 1 .0027 3 790035; 

m nvo~m i wo+d el tat [ i nl{ I year- ] 62 0 . 0) )/3 6 00 . 0 ; 

j d -j ul Iandatc( year, month ,d ate , m two/24 r 0 ); 

t=(jd-245 1 545 >0)/36525 .0; 

mooncoord(t); 

c a ph-sts s+plong/ 1 5 . 0- m aJ p hap; 

al tss=as i n(sin (pi at* P 1/ 1 80.0)*sin(mdcliap*Pi/! 80.0) 

+ cos (plat* ?m 80.0)*cos(m<ieltap* PI/1 80,0) 

*cos(caph* 1 5.0* PI/ 1 80.0))* 1 S0.0/PI; 

ddtam-((aU^0.I25)/(eos(p!al*Pr/180.0) 

*cos{mddtap*PI/1 80,0)*sin(caph* l5.0*Pr/t S0.0»)/15.0; 
ut ,ms=m two +de Itam ; 

utms+^((acos(emaj/(cmaj+hite/l 000.0))* 1 80.0/P iy 15.0); 
frac=uim s/24.0; 



} 

lirns - utms+zo ntim; 
if(ltms<0.0) Ums+ sa 24,0; 
if(Ums>24.0) ltms^=24.0; 
fiac^O.O; 

for(lciH=l ;lcnt<4;lcnt++) 

{ 

j d=j u li a ndaie( year, i nont h .d at e , frac ) ; 

j d e-j d+ d e Itat [ int(y ear- 1 620. 0 ) J (3 600. 0* 24 .0); 

nutationO; 

stj d^j u I iandate{ year, mo m h,d ale\0. 0 ) ; 
st=(stjd-245 1 545 .0)/3 6525,0; 
siddme(st); 

l-(jde-245 1 545.0)/36525.0; 
moon_coord(i}; 

nmnr^smtQ* 1 2 5 * P 1/ 1 80, 0)-si n(pl at * ?V 1 80, 0)* si n(m dcltap * PI/I 8 0 .0); 
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dcnra=cos(plat* PI/ 1 80.0)*cos(mdeltap* PI/ 1 80.01; 
i fabs( rtumr/ d cnm) <= 1 *Q) 

{ bass=acos(numr/ dertm)* 1 SO .0/P I; 

m i vot- malph ap-plong/ 1 5 .0 -gmstte ro; 
mone^mnot-hass/ 1 5.0; 
mtwo=mnot+hass/l 5.0; 
if{mnot<0,0) mnot+^24.0; 
i f(mnot>24 . 0) mnot-=24 0 ; 
if(mone<0.0) mo ne+ -24.0; 
if( mone>2 4 . 0) nionc-^ 24 . 0; 
i^mtwo<G>0) mtwo+=24>0; 
ifl[fntwo>24.0) m two —24.0; 
stmr^gmsizero- 1 mone* l .0027379093 5 ; 
m one^mone+de Hat [ int( I year- 1 62 0 ,0)]/3 600 .0; 
j d=j uli andate(y e ar t month ,datc T mt wo/24 . 0) ; 
t=(jd-245 1 545.0)/3 6525.0; 
moon_coord(l); 

cflph=stmri-plong/ 1 5.0-jnalphap; 
al i nmsi n{sin( plat* PI/ 1 80 . 0 )^ 5 in(tndcltap*PO 1 80,0) 
^cos(plat*PI/l 80*0) *cos(mdeltap*P l/l 80*0) 

* c©s(caph* 1 5 . 0* PI/ 1 80*0 ))* I S0.0/PI; 
deltam=((allss-Q. 1 25)/(cGs(plai* PI/ 1 80.0) 

*cos(nKteltap *P 1/ 1 SCO)* sin(caph 4 1 5 + Q* PI/ 1 80.0)))/ 1 5.0; 
utmr mone+deltam; 

} 

utmjH-=((acos(emai/{cmaj+hite/ 1000.0))* 1 80 .0/P I)/ 1 5*0); 

frae^ui mr/24, 0; 

} 

ltmr=utmr+zoiuim; 
if(limr<0.0) ltmr+=24.Q; 
i f( ! im r>24. 0) I tm r*=24 r Q; 

} 

void displayscoord(void) 

{ 

iftslaKO) sd='S'; else sd-N T ; 

gotoxv( 16 , 1 0 ); convert dins(slong); 
gotox y ( 1 6 , 11 ) ; con vert_dms( fabs( si at ) ); 
prinlf( p %e r \sd); 

gotoxy(!6, 1 2>;prmtfT %.21f Knv'^dst); 
if(sdeim<0.0) sd-S'; else sd^TJ 1 ; 

gotoxy ( 1 6 t 1 4); convert h ms(sal ph a); 
gotox y( 16,15) ;co n v crid ms ( fabs(sde ll a)); 
print ff%c",sd); 

iJtsdchap<G.O) sd-S'j else sd-N‘; 

goto xy ( 16,16); con ve rt hm s( s ha) ; 
goto xy ( 16*18); co n vert hm s(sal p h ap) ; 
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) 



gotoxy( 1 6„1 9);con vert _d ms{fabs(sd el tap)); 
printf[ n %c"tSd); 

goto xy ( 1 6 , 20) i co n vert__hms(sh a) ; 
gotoxy(l 6,23);convert_dms(sazm); 
gotoxy( 1 6*22) ;convejrt_dms(fabs(salt)); 
if(salt<0,0) sd-B*; else sd^'A'; 

print fH/oc^sd); 

gotoxyd 6 5 24);priniff %,41f arc mirT*sseniidia/2,0); 



void display_mcoord(void) 

{ 

if(mlat<Q r Q) sd-S‘; else 

gotoxy ( 36*10) :conv c rtdm s( m long); 
gotoxy(36*l l);convert dms(fabs(mlat»; 
printf(’ 1 %c\sd); 

gotoxy(36j2):priuUr i %,8ir i iiidst/emaj);dst=mdst; 

if(mddta<0X)) sd^S r ; else sd-’N f ; 

goloxy (36. 1 4);converl hms(malpha); 
uotoxy ( 3 6 A 5 };eo n vert _d ms{ fab s( mdelia ) ); 
print f("%c f \sd); 

goto xy (3 6, 1 6);co iwertji ms(r nh a ) ; 
gotoxy(36*l 8);convcil _hms(malphap); 
itXdeltap<0*0) sd= f S'; else 

gotoxy (36 , 1 9) ;con vert_dms(fabs(mde Uap)); 
printf( M %c lh ,sd); 

gotoxy ( 36,20) ;co n ve rt_hms( fabs( mha) ) ; 
gotoxy (3 6,22):eon vert _dms( fahs( malt}) ; 
if(mall<0,0) sd-B 1 ; else sd=’A f ; 

print fV’%c r, ,sd); 

it >tox y (36^^cc»¥ertjims(mfi2ni); 

gotoxy ( 3 6 ,24) ; print f( 1 1 %,4 1 f arc min M *msemidia/2*D); 

} 

void 111 coat I (void) 

fpri nt f( fpt r4 , '^n%d\t%d/%d/%d\l 11 ,oent , int(dat e ) *1 nt(m on th) >i nt(y ear) ) ; 

fprimf(fpir4, '%5, 1 lf\t%5, 1 lf\t%d\t , “.plat,plong h int(palt)); _, nmv 

fprintf(fplr4*"%5. 1 IJ\t%5. 1 l(\t%d:%d\t <, ,ptemp.pbuin s ini(n t ss)4nl((uiss-ini( utss)) 60,0)), 

fpri nt H fptr4 , M % 1 5 . 5 1 f\t%6 . 2 1 tV 1 , nmj d ,(j d e- nmj d ) * 24 .0); 

fprint f( f ptr4 , " %6 , 21 f\t%6 , 2 1 fW r flints- ltss) * 60 , G ,e l on gp) i 

fpri ntt\ fptr4, ”%6,2 lf\t%6 .21 t\r ,malt-salt T sa/jn *mazm); 

fprin t ft fptr4 %8 . 3 lf\t%8 . 3 1 f\t%S . 3 1 , wid * 60.0,q val ,o val ) ; 

fpri lit f( fptr4 T ' *%9 A\ f\l%9 .41 f\t%9 + 4 1 [\t%9.4 1 l\l%9 . 5 1 fit" *phi letnda* m 1 at ,mlo ng ,slon g.m so 
fpri nt i'( fptr4," %6 .2 IfU% 8 . 3 1 t\t% 8 . 3 lt\l%8.3 1 £\t%8 .3 1 [\l%8 31f\t",25.5- 

msem idi a/2.2, fday ,rday 1 ,rsky ,rsky-rday,rsky-rday 1 ); 
fprint 1 1[ fptr4 %8 . 3 1 f\t% K . 3 1 f\t" ,rrm mag, lem) ; 
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} 

void iime_rangc{) 

fpri nt f[ fpir4 , "%d : %d{% 8 . 3 lf)\t IT , int(Ihour), i n i((lhour- int (lhour ) ) * 6 0 ) s m nmag-1 e m ) ; 

} 

double limmagnit() 

{ 

fa] l ^malt+. 1 ; fazm=n t azm+ . I ; 
zendist=90,0-falt; 

fe!oamon-(acos(sin(niaU + ?V\ SO.O^sinf fall* PI/1 80,0)+cos(rnall* PI/ 1 80.0)*cos( f 
alt* PI/ 1 8 0 . 0)* cos((mazm-fazm) * Pi/ 1 80. )))* 1 80,0/ PI; 
felonsun-(aeosCsin(saIt*Pl/ 1 80,0)* sin(faU* PI/ 1 80.0)+cos(salt* PI/1 80.0)*cos< fait 
+PI/1 SO. 0 ) * co s((sazm- fa zm) * P 1/ 1 80.)))* 1 SO. 0/1*1; 
gacom= 1 .0/(cos(ze ndi si* Pi/ 1 SO >0)+G, 03 86* exp( - 1 0.5 : * cos(zendisl * ?l/ 1 80 . 0 ))); 
aaeom - 1 .0/(cos(zendisl* PI/ 1 8O.O)+0.0 1 23*oxp(-24.5 *cos(zendist*Pl/ 1 80,0))); 
oacom^po w{ 1 .0-po w(sin( £end isl* P 1 / 1 SO. 0)/( 1 . 0+20 ,0/63 78.0), 2,0), -0. 5); 
for(i=0;i<5;i+ +) 

{ 

kr=OA 066 * exp(-palt/82Q0.G)* pow( wasch[i )/0.55,-4.0); 
ka=0. 1 *pow(waitdi[i ]/0*55.-l .3)*exp(-palt/ 1500.0); 
ka - ka * po w{ 1.0-0.32/ !og( phrnn/ 100. 0 ) ,. 1 . 3 3 ) 

*( 1 0 1 0 J3*sin(salplia* PI/1 80.0)* (plat/ fabs(plat)»; 
ko=ozsdi [i ] * (3 . 0+0 .4 *(plai* (PI/ ] SO.Q)*cos(salpha*PI/l SQ.OV 
cos(3 ,0*plat* PI/ 1 80,0)))/ 3.0 ; 

k .w=wtsc h [i] * 0.94* { phu in/ 1 00 , 0 ) * ex pfpte mp/ 1 5 . 0 )* ex p( - pal t 1 ' 8 200.0), 
kseb [i ] -k r+ka+ ko+ k w ; 

dm sc h[i ] -■ kr* gacom t- ka 1 * aac om + ko * o ae om +k w * gaco m; 

} 

slpowf=I.O/(cos(2endi5t*PI/l80.0)+0.025*cxp(-n.O*cos(zendist*PI/iaO,0))); 

i f( ma ] to 0 .0) m npose f=40 . 0 ; 

else 

mnposef= 1 .0/{cos((90.0-mall)*Pl/l 80.0)+0,025*exp(-l 1 ,0*cOs((9O.O~ 
malt)* P 1/180*0))); 
if(salt<=O,0) s n pose f-4 0.0; 

else 

snposcf- 1 .Q/(co s{(90 .0- salt ) * P V 1 80.0)-0.025*exp{-i I + 0*cos((90.0- 

salt)*Pimo.0))); 

1br£i-0;i<5d++) 

{ 

nightb=bosch[i]*(l ,0+03*eos(6,283*(yeaM 992.0)/] 1.0)); 
nightb-mghtb + (0.4+0.6/poM10-0.96*pow{sin(zendist*Pl/lS0.0) 1 2.0) 1 -0J)); 
nighib=mghtb*po w( 1 0.0, (-0.4 * ksch[i ] *$lpose0): 
mnmag™- ] 2,73+0.026* fabs( 1 80.0-clongp)+4.0*pow(( 1 80,0- 
dongp) p 4 .G)*(pow( 1 0.0 ,-9,0)); 
mnm ag~ mn mag +cmsc h [i ] ; 
cihrcc-pow( 1 0,0 f (-0.4* kseh[i] *mnposef)); 
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fem*pow(l0,0iC6-l5-ft!oninon/40.0))+6-2'pow(10.0.7.0ypovj^lwitnoii.2,0); 

rem=fem+pow(] 0.0,5. J 6 )*( 1 . 06 +pow(cos(fcLormon 1 1/ 180.0), 2.0}), 
moo nb=pow{ 1 0 . 0,(-0. 4 • ( mrnnag-mosch [i 1+43 .27)) ) ; 
tnoonb- moonb * ( 1 .0-pow( 1 0.0,(-0,4*ksch| Ifstpose 0)); 

m oonb=moonb *(fem * cfee+440000 .0* (1 .0 -cthree)) ; nn-^hrilVOY 

i wi lb=po w( 1 0 .0,(4).4 * (mssch [ i 1-mosch [i ] +3 2 . 5 -sall-zend iMj (360.0k [ ]))))■ 

twilb=twi!b*(100.0/feloosun)*(! ,0-pow(10.0,-0.4 ksch[i] stposefl), 

cfom-pow( 1 0 ,0,{-0. 4 *kscb[i] * snposef)) 1 

fes+6.2*pow(1 0.0,7 _0)/pow(felonsun,2.0y 
fcs+=pow( 10.0.(6.15-fclonsun/40.0)); 

tb s-- ibs+po w ( 1 0.0,5 . 3 6) * ( 1 , 06+po w(co s(fe lonsun 1 171 80.0) ,2.0)), 
dayb=pow( 1 0.0, (-0,4 * (mssch[i]-mosch[ i]+43 .2 7 ))); 

day b=d ayb * ( 1 .0-po w( 1 0.O.-0 .4* ksch [ i 1 * slposef)); 

dayb=(fes* efour+440000 .0* ( 1 .0-cfour))* dayb; 

if(dayb<twilb) bsch[i]-nigbtb+dayb; 

c | se bschtn^nighib+twilb; 

if(ma.lt>0>G) bsch[ij«bsch[i]+moonb; 

b$fch[i]=bsdi[ i]*pow( ! 0.0 J 2.0); 



bel=bschl2 1/0.00 1 1 ;//* 1 000.0/U 1 ; 

if(bel< 1500.0) | cone=pow( 10.0, *0.8); 

else { ' conc-po\v(10. 0,-8-350001); 

teh^couc* pow{( l .0+ po w(c two* bet t 0 . 5 0..2.0), 
lem=- 1 6 h 57-2 . 5 * lo g{ lehy log( I0.0)-dmsch[2]; 
ret urn (lcm); 



eiwo : 'pow(lQ.Q.-l-9); } 
c two' - pOW( 10.0^5,0); | 
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APPENDIX-II 

th 

ancient, medieval and EARLY 20 

CENTURY MODELS 
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MODEL 



12/2/2002 MM. 



10-'1/2005 



10/2/1399 



498 1 15 / 11/2001 



3/1/1964 



4/12/2002 



17/9/2001 



19/5/2004 29,4 

tsn 112001 VO 3 



AAA 23/2/2001 LjW 



140/2002 



*4/3/2002 



12/2/200? 



19/52004 



t&rBtfOO* 



334 I 8/12/1903 



2/2/1964 



14 / 10/2004 



-0 77 



-0.6* 



-0 34 



-0 94 



-0 53 



-0 64 



-0 53 



-0-4 & 



-063 



■ 0.39 



6*0 



-0.51 



-041 
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model 



ARCV 



20 / 3/1998 



7 / 1/2000 23 7 



16W2Q0 a i 25J 



&46 21/3/2004 [ 26 a 



16W2QQ4 _]_35_? 



20/4/1 905 



3 / 1/2003 



650 210/2004 



5/11/1983 



-G.41 



27/10/2000 



19 / 3/2001 



25/3/200 1 



25/2/1990 



25/2/1 990 



20 / 12 / 1 B 73 



1 1 / 6/ 2002 
6/12/1999 
26 / 1 1/2000 



14/10/2004 



47 B I 19/3.7001 



10/9/ 1999 



19/12/1993 



IBS 


ESI 


■0 10 




. 0.30 1 


■ 0.29 


IEH 


- 0.41 


-0 34 



17 5 


O 3_ 


-0 39 


-0, Z9_ 




17 6 


4.5 


■ 


-0.39 


mm\ 


17 6 


4.7 


-0.4 


-0.3 


L -0 22J 



647 




29 4 


40 


549 


7/9/2002 


31 1 


66 5_ 


369 


13/7/1999 


ESI 


10.4 


370 


13/7/1999 


-34 


18 4 


477 


1 9/5/2001 


29 5 


56S 


503 




IKS 1 


16 4 


355 


6/12/1999 


26,2 


32.7 


646 


21/3/2004 


-34 


16 4 


400 


4/5/2000 


44 


18.4 


551 


7/9/2D02 


32 5 


51 3 


663 


IEBB 3 I 


30.2 


wm 


507 


15/1 2/2001 


31 a 


BHI 


662 


1&/6/2004 


32 


35 9 


430 


’9/e/200l 


32 5 


51.3 
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MODEL 



VISIBILITY 



5 / 11/2002 



2 l .' 3 / 200 * 



-O.QS 



V 3/4/2002 



13J4/2Q02 

26 / 11/2000 



7/1/2000 



26 / 12/2000 



2/7/2000 



17/10/2001 | 2.1 



1071 



2 / 10/1997 

771/2000 



7/1/2000 



31/5/2CQ3 



2/4/2QQ3 

22/172004 



B/2/1921 



10.15 



15 / 3 M 9/2 



1573/1072 



26 / 12/2000 



-O t* 



3712/ 1904 



24/S/ 1900 



7 / 5/1997 



775/1997 



725 



557 



649 



iOfl 



8 / 12/1999 



365 



529 



429 



-0.15 



312 



43.2 



29 6 



5/1 m 002 



559 



429 



15 / 12/2001 



508 



‘Cl 



- 0-17 



- 0.21 
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404 


5/4/2000 


1311 


wmi 


05 


8/2/1921 


oa .a 


-94 


438 


USRBSffiSI 


-4 


397 


220 


31/12/1986 ] 


39 


-77 ' 


301 




33 


-108 


371 


1 1 3/7/V&99 1 


43.3 ' 


ETol 


720 




36.1 


50.3 


594 


2/5/2003 


sa 


102 


543 


9/8/2002 


2 3 


102 


199 


j 1/5/1984 


37.2 


-84.1 


194 


IE5IB5B 


15.6 


35.8 


39 


IBSSBBZB 


SB 


23.7 


| 305 


273/1995 


-34 


mm 


i 7 


7/8/1561 


38 


mSm 




45.3 1 9.31 



10.23 



22.5 



19 



13 5 46.5 9.05 



22 5 32 I 12.7 1 



20 5 1 44 



2.12 I 20 6 0 I -0 16 i -0-05 



-1.3 20.6 I 1.18 I -0.28 




-0 02 



-031 



-0.13 



-0.4 I -0 27 





4.81 21 0.4 3 -0.3 

3.B 21.1 0.18 -0.07 0 009 

7 as I 21.1 0.3i -0.32T -0-24 -0.14 



-0.27 1 -0.27 



44 I 21.3 



15.2 21 5 



21 5 



215 



210 



G.&fi 1 21 6 1 0 47 



8 46 1 21.6 | 44 



-10 '! 21 7 



4.37 31.7 1.15 I -0.26 



6.16 21 7 1-0.3 



9.41 218 -0.6 1 -032 



5 12 218 41.6 I -0-17 1 -0 09 0 00* 



219 0.07 \-Q,2B 0 21 -0.1 



21.9 [ 1.43 -049 ! -0.08 



107 l 219 1 0.94 | -0 29 I -0.19 



-0 29 I -0 15 



0.73 1 022 



4.4 , -Q.35 -OIL 



4.4 -0.32 I -0,15 




22 



22 



22.1 1 04 



0.43 -0 12 1 -0 01 I 0.043 



0.1 -0 31 I -046 | -042 



rnim 


10,9 


0.56 


53 


8,91 


885 


-1 


53 


a.9i 


8 85 




53 


8. 95 


8.9 


-0.9 


m 


1289 


84 


9 52 


36 6 


WSM 


8.56 


9.36 


50 


s.as 


986 


0 14 


50 


9.88 


9.87 


0 27 


43 si 


1147 


9.66 


62 


39 


12.69 


8.2 


■9 7 


4B.1 


10.42_ 


KTfB 


0.09 


44 


11.47 


9 97 


MS* 


IBS 


10 47 


V0.5 


' 0.06 


i 392 


12.73 


8 62 


949 




22.4 | 1.22 



22 4 



22 4 



22.5 











































































































































































































































































































































































































































































































MODEL 



ARCL 



VISIBILITY 



0,020 



17/1 0/2001 | 24 6 



15/9/2004 2&,4 

15/9/3004 gfl 6 



24 / 5/1990 



1 3 / 5/2002 



17/10/2001 

26 / 6/1967 



H 66 



22 / 1/2004 



0 019 



23/1 1/191 a 



5 / 5/1969 



14 / 1/2002 



4/B/1997 



12.43 



■0 | 0 057 



27/2/1996 



30/6, '2003 | 337 



419 



26/5/1 99 B 



DOT 



326 



6/4/2000 



405 



236 
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APPENDIX- V 



FUTURE CALENDAR 



1>A fA FOR THE OBSERVATIONAL LUNAR CALENDAR FOR 

PAKISTAN 

BASED FOR COORDINATES OF KARACHI, PAKISTAN 
LATITUDE 24" SI’ LONGITUDE 67 u 3’ 



PREDICTED OBSERVATIONAL LUNAR CALENDAR 

FOR 

YEARS 1429 AH TO 1431 AH 
(2008 AD -2009 AD) 
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1429 AH 

MUHARRAM 1429/JANUARY & FEBRUARY 200S SAFAR 1429/FEBRUARY & MARCH 2008 
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